
This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 
to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 
to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 
are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other marginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 
publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing this resource, we have taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 

We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain from automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attribution The Google "watermark" you see on each file is essential for informing people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liability can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 



at |http : //books . google . com/ 



ALVMNVS BOOK FVND 




6I0U0G 
LIIRARY 






Digitized by 



Googk 



Digitized by 



Googk 



Digitized by 



Googk 



ON THE 



STRUOrURE AM) DEVELOPMENT 



OF 



LOXOSOMA. 



BY 



SIDNEY F. HARMER, B.A., B.Sc, 

SIVa'8 COLLEOBj CAMBBIDGB, DXHOKfiTBATOB OV COMPARATITB ANATOMT 
Iir THB UWIVKESITY. 



Reprinted fram ilu * Qitarterljf Journal of Mieroacopical Science ^ for Aprils 

1885. 



LONDON: 

PRINTBD BY 

J. E, ADLARD, BAETHOLOMEW CLOSE. 

1885. 



Digitized by 



Googl( 



Digitized by 



Googl( 



^"V^vc t^uL. (^mMCFL^ 



ON THE 



STRUCTURE AOT) DEVELOPMENT 



OP 



LOXOSOMA. 



BX 



SIDNEY F. HAEMER, B.A., BSo., 

Xnre'8 OOUJieB, OAKBBZDeB, DBMOVBTSATOB OV OOKFABATITE AVATOn 
nr THIS UHiVBHSITT. 



Beprinied/hm tie * QMorierfy Journal of Mieroseopieal Science '/or Aprils 

1885. 



LONDON: 

PSniTBD BT 

J. E. ADLABD, BABTHOLOMEW CLOSE. 

1886. 



Digitized by 



Googk 



0^ 



VvC>K*L^ 



Inti. 



Q^^ 







Digitized by 



Googk 



On the Struotore and Development of 
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Bj 

King's G<^lege, Cftmbridge, Demonstrator of ComputtiTe Anatomy 
in the Univecsity. 



With Plates XIX, XX, XXI. 



Thi inrestigations which form the snbject of the present 
paper were carried on during an occupation of the Cambridge 
UniTeraity Table at Naples from Jannary to July, 1884. An 
aoconnt of mj main resolts was communicated to the Montreal 
meeting of the British Association in September^ 1884, and a 
short abstract will appear in the forthcoming report. 

Pabv* 1. — Species or Loxosoma pound at Naples. 

The specific characters of this genus have been found some* 
what difScult to establish satisfactorily, and considerable doubt 
has on various occasions been thrown on the validity of many 
of the characters ascribed to the different species. Although 
the number of the tentacles and of the buds is not so constant 
as Schmidt (20) has supposed, the majority of the species which 
have been described are no doubt perfectly distinct from one 
another. 

The following have come under my own observation at 
Naples : 

1. L. Tethyse, Salensky. — Number of tentacles in most cases 
twelve, but in many individuals thirteen or fourteen. Buds not 
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4 SIDMET F. HABMEB. 

re&tricted to two^ as supposed bj Schmidt ; thej are formed 
alternately on the two sides of the body, as in L. Kefer- 
steinii (10)^ and a young bud usually occurs at the base of 
every nearly mature bud, in addition to a third on the opposite 
side, intermediate in age between the two just mentioned. 
The stalk in most cases is at least twice as long as the calyx^ 
and is provided with a well-developed foot-gland with lateral 
wing-like expansions. Bound the free edge of the calyx, as 
seen when the tentacles are retracted, is a definite series of 
gland-cells described by Salensky (15). The. ectoderm of the 
stalk is arranged as eight longitudinal rows of cells (PL XIX, 
fig. 9), and this is not the case in any of the other species 
investigated. 

Habitat, on the sponge Tethya. 

2. L. pes, Schmidt (originally described by Schmidt as L. 
singular e). — The tentacles are thick and short, and were ten 
in nxunber in all the individuals examined. In no case 
observed was either side of the body provided with more than 
a single bud. The stalk is usually considerably shorter than 
the calyx ; the foot-gland is very large, and the foot is pro- 
vided with well-developed alate expansions. The character- 
istic gland-cells of L. Tethyse are not present, and the 
ectodermic cells of the stalk are arranged irregularly. The 
larva (Schmidt, No. 11, Taf. ii, fig. 26) resembles that of L. 
Tethyse. 

Found in small numbers on Euspongia and Caco- 
spongia. 

8. L. singulare, Eeferstein. — This species was found o 
the ventral side of Aphrodite (as described by Barrois), and 
of Hermione hystrix. The identification is somewhat 
doubtful^ Keferstein's individuals possessing ten tentacles, 
whereas in the Naples species the number is larger, and in the 
very few specimens obtained appeared to be twelve or thirteen. 
The stalk, terminating in a slightly expanded disc, as in the 
form described by Keferstein (2), is very short and is much less 
distinctly marked off from the calyx than in the other species, 
the whole animal being somewhat pear-shaped. None of the 
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STRUOTUBE AND DEVELOPMENT OP LOXOSOMA. 5 

individuals observed possessed more than a single bud^ which 
was provided with a foot-glaud^ a structure absent in the adult. 
The larva (see Barrois' figure, No. 13) is not unlike that of 
L. neapolitanum (Kowalewsky, No. 3, fig. 10). 

(There can be little doubt that the species just described is 
identical with L. claviforme, Hincks (26), occurring on 
Hermione hystrix. Hincks acknowledges that his dia- 
gnosis is very incomplete, owing to the bad preservation of his 
material, and it has seemed to me better, therefore, to identify 
my species provisionally asL. singular e, until the distinctness 
of L. claviforme can be more satisfactorily shown.) 

4. L. crassicauda, Salensky, found in large numbers 
attached to the floor of a tank in the Zoological Station. The 
number of buds is large, two, three or more occurring in most 
cases on each side of the body. The number of tentacles is typi- 
cally eighteen, but is by no means constant (fig. 1 ; — seventeen 
tentacles). The individuals are much larger than those of any 
other species discovered ; the stalk is very long, with no regular 
arrangement of its ectoderm cells, the foot-gland being absent 
or (Schmidt) preserved as a rudiment in the adult ; the termi- 
nation of the stalk is cylindrical. Numerous gland-cells occur 
at the edge of the calyx, whilst the special development of two 
posterior sense organs (fig. l^ps,) is a noteworthy feature of the 
species. The larva is at present unknown. 

6. L. Leptoclini, Harmer, new species, not uncommon 
at Naples on the compound Ascidian Leptoclinum macu- 
losum. I propose for the new form the specific name 
Leptoclini; as far as my observations extend, it is confined 
in its occurrence to the genus Leptoclinum, although I 
have searched for it on numerous genera of Sponges and 
Ascidians. The number of tentacles is perhaps invariably ten 
in the adult ; the buds are few, although the occurrence of three 
at the same time, as in L. Tethyse, is by no means rare. The 
individuals are small, their total length (with the stalk) 
averaging about half a millimetre (the measurements having 
been made from glycerine preparations) . The stalk is at most 
about equal in length to the calyx, which has the character- 

H 2 
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6 SIDNEY F. HABMEE. 

istic form represented in fig. 2. The foot- gland is well 
developed, the termination of the foot is alate^ and there is no 
definite arrangement of the ectoderm cells of the stalk. At 
each side of the calyx occurs a series of gland-cells (fig. 2,gc,). 
The larva difi^ers considerably in structure from any other 
Loxosoma larva at present described. Perhaps the most 
characteristic feature of the adult is the presence of a group of 
remarkable cells (fig. 5^ ac.) at the apex of the vestibule. The 
stomach is divided into a median and two lateral portions, as 
represented in the figure. 

Explanation of the terms Dorsal, Ventral, ftc, as applied to 
desoriptionB of Loxosoma. 

It will be convenient to define at once the use of such terms 
as '^ dorsal " and '^ ventral,*^ *' transverse," and so on. From 
reasons which will appear in the sequel, I am led to support 
the view that the ventral line of the body is that between 
mouth and anus, in opposition to Caldwell's theory (34) that 
this surface is dorsal in the Polyzoa. 

The dorsal region is drawn out into the stalk on which the 
calyx or body of the animal is borne, whilst the anus is of 
course posterior to the mouth. 

A transverse section is one which passes in the plane of 
the stalk through the right and left sides, and therefore 
parallel to the flat surfaces of the somewhat discoidal calyx, 
whilst a horizontal plane is at right angles to the long axis. 

Part 2. — Anatomy op thb Adult Loxosoma. 

The entire animal consists of two parts, the calyx or body, 
and the stalk by which it is attached to its resting place. The 
two budding regions are situated at about the middle of the 
calyx, right and left ; owing to the fact that the buds become 
free as soon as they reach maturity, Loxosoma, unlike 
almost all other Polyzoa, never forms colonies. 

The ventral side of the body is produced into a free fold 
enclosing the vestibule on the oral face of the animal. The 
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tentacles^ ciliated on their inner sides^ are borne on the oblique 
lophophore^ and can be extended to the exterior (fig. 1), or^ 
when the animal is irritated^ can be completely sheltered 
within the vestibule (fig. 2). In the latter case, the vestibular 
aperture is reduced by means of sphincter muscles to a small 
circular hole situated on the anterior side (fig. 2, va,) . 

The body is covered by a delicate, transparent cuticle, 
secreted by an ectoderm composed of a single layer of cells. 
The study of these cells is immensely facilitated by the use 
of nitrate of silver applied in a manner suggested to me by Dr. 
W. H. Ransom, of Nottingham, the essential feature of the pro- 
cess consisting in washing the tissues in a solution of a neutral 
salt (KNOa) which gives no precipitate with nitrate of silver^ 
the solution having the same specific gravity as sea water (i. e, 
about 5 per cent. KNO, in distilled water). By means of 
this process a precipitate of silver chloride can be completely 
avoided, whilst the tissues suffer practically none of those 
changes which are brought about by washing with distilled 
water (No. 44). PI. XIX, fig. 3, represents the appearance 
of the posterior side of the calyx treated in the above manner, 
these preparations being in nearly all instances so successful 
that it was possible to draw, by means of a camera lucida, 
the outline of every ectodermic cell. 

These cells are of the following kinds : 

(i) Ordinary epithelial cells, which are large and polygonal, 
with a conspicuous nucleus (fig. 7) ; they occur over the whole 
of the calyx and stalk, on the outer and part of the inner 
surface of the vestibular fold, and on the dorsal and lateral 
portions of the tentacles. The inner sides of the latter are 
covered with a much higher epithelium, which is composed of 
cylindrical cells provided with large active cilia. In most 
regions of the ectoderm it is not possible to distinguish any 
definite arrangement of the epithelial cells, which, however, on 
the stalk of L. Te thy se occur in eight definite longitudinal 
rows, of which three are represented in fig. 9. 

(ii) Sense Cells. — In fig. 3 are indicated, scattered at 
irregular intervals, certain small round areas, which occur 
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8 SIDNEY F. HAEMEB. 

amongst the purely epithelial cells. These structures, much 
less numerous than the latter^ are in reality ectoderm cells, 
which form the terminations of sensory nerves. Each is a 
nucleated cell of small size^ bearing one or more fine, stiff, 
tactile hairs, projecting into the water (fig. 8). 

(iii) Gland Cells. — In certain regions of the body occur 
large unicellular glands opening to the exterior, and presenting 
a considerable amount of variation in the different species. 
Attention was first dir'ected to these structures by Salensky 
(15), who described them in L. crassicaudaand L. Tethyse. 
In silver nitrate preparations of the former they may be seen 
to open between the^ ordinary epithelial cells by wide aper- 
tures (fig. 7', age), whose margins are surrounded by a thick 
black line : in most cases they occur in a row parallel to the 
edge of the vestibule, and reaching almost to the beginning of 
the stalk. The apertures of the gland-cells are situated just 
on the anterior side of the edge, in the condition of complete 
retraction of the tentacles. In L. crassicauda two very 
distinct forms of gland-cells are present (fig. 8) : the one 
nearly transparent and filled with large spheroidal vacuoles 
{gc}) ; the other opaque, and composed of a large number of 
small granules {gc})-, the nuclei of the gland-cells can be 
detected in sections. In L. Leptoclini (fig. 2) the gland- 
cells occur only at the sides of the calyx, and differ from those 
of L. crassicauda in possessing a large central vacuole sur- 
rounded by a thin layer of protoplasm, embedded in which is 
the nucleus. Whether the characteristic apical cells of L. 
Leptoclini (fig. 2, ac.) belong to the same category as the 
gland-cells appears doubtful; it is, perhaps, more probable 
that they belong to the mesoderm, as in section they 
appear to be covered externally and internally by a layer 
of epithelium. The function of these curious cells has not 
been made out; their position is sufficiently indicated by 
fig. 2. 

In L. Tethy 8e the gland-cells are very numerous, and closely 
packed together round the ventral end of the vestibule ,- they 
are composed of a granular material, which stains with great 
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difficulty. Salensky describes, in the stalk of L. Tethyse and 
in that of L. era s si can da, definite longitudinal rows of gland- 
cells, which have altogether escaped my observation. 

Large oval granular cells are found in the gelatinous tissue 
of the tentacles and other regions of the body ofPedicellina 
(fig. 5, dp), and have been already mentioned by Nitsche (6). 
In my preparations I can discover no aperture from these cells 
to the exterior, so that it is probable that they are not of the 
same nature as the gland-cells ofLoxosoma. 

Poot-Oland. — This structure is eminently characteristic of 
the genus Loxosoma, many species retaining it in the adult 
condition ; whilst in others it is present only in the bud. In 
the former case, when the long axis of the foot lies in a straight 
line with that of the stalk, the " sole,'' by which attachment 
takes place, is on the anterior side, the apex of the foot in its 
usual position being directed posteriorly. 

In L. pes, L. Tethyse, and L. Leptoclini (as well as in 
L. Raja and L. cochlear, Schmidt), the foot is provided with 
wing-like lateral outgrowths (fig. 2, a/.). Barrels (13) from 
the presence of these outgrowths, which cannot in reality be held 
to be distinctive of any single species, has given the name of 
Loxosoma alata to a species discovered by him^ and states 
that it is identical with L. pes. As there can belittle doubt of 
the specific distinctness of L. pes, L. Tethyse, and L. Lepto- 
clini, all of which are provided with alate expansions of the 
foot, it is obvious that no sufficient diagnosis of L. alata has at 
present been given. 

The foot-gland has been described by Schmidt (11) as 
consisting of a round granular mass situated in the angle of 
the foot, and communicating with a duct which traverses the 
'' sole '' and opens at the free end of the foot by a small pore ; 
the duct is surrounded by four rows of large cells. In L. 
neapolitanum, Kowalewsky (3) states that the duct opens 
by a series of pores occurring in variable number along the whole 
of its course. In L. pes, L. Leptoclini, and L. Tethyse, 
my observations confirm neither of these statements ; and it is 
worthy of remark that in L. pes I have had occasion to 
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examine the same species whose foot-gland has formed the 
subject of Schmidt's description. 

The foot-gland appears to me to be composed of two distinct 
portions ; — (i) the " gland/* and (ii) the *' duct '* of Schmidt. 
The " gland " consists of a small number of granular nucleated 
cells arranged round a central lumen, as described by Kowal- 
ewsky. (See fig. 21, a section passing somewhat obliquely 
through the foot, so as to avoid the " duct.'*) This glandular 
mass opens at the angle of the foot by a pore which has no 
connection with the "duct** (fig. 2). The latter in the three 
species I have examined is in reality an open groove (fig. 20), 
extending along the whole of the ''sole*' of the foot, as may 
be clearly seen by means of sections or of glycerine prepara- 
tions. The rows of cells described by Schmidt along the 
" duct ** are the high ectoderm cells lining the open groove. 
In certain conditions, when its edges are closely approximated, 
the appearance of a closed duct is produced. The foot-gland 
originates as a longitudinal groove on the anterior side of the 
base of the bud, which is attached to the adult by that portion 
which will ultimately become the free end of the foot. During 
the period when I had fresh Loxosoma at my disposal, I 
failed to give any special attention to the development of the 
" gland,*' but (from glycerine preparations) it appears to me 
that the longitudinal groove, soon after its formation, becomes 
constricted into two parts (fig. 19) — a longer dorsal and a 
shorter ventral portion. The latter forms the " gland '* after 
becoming completely separated from the elongated portion of 
the groove, which persists as such in the adult. 

Nervous System. — The character of the nervous system of 
Loxosoma has always been exceedingly doubtful, although 
from the analogy of Pedicellina there could never be any 
real question of the existence of a ganglion between mouth 
and anus in the former. Such a structure has, however, never 
been correctly described, Salensky's identification being, as I 
shall attempt to show, erroneous. As a matter of fact, the 
ganglion has been unmistakeably figured by Nitsche (10), 
Schmidt (11), and Salensky (15), but by all these observers has 
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been considered to form a part of the generative apparatus. 
According to Nitsche, there exists in the bud^ lying trans- 
Tersely across the intestine, on its oral side, a dumb-bell 
shaped mass (1. c, Taf. xxt> fig 19^ GA) which Nitsche does 
''not hesitate to identify as the rudiment of the generative 
organs." The same structure may be observed in the adult, 
and is represented in (Nitsche's) Taf. xxv, fig. 5, GA. This 
''generative rudiment'^ has been figured by Schmidt as the 
^'testes'' in L. Raja^ (Taf. i, fig. 1, t), whilst Salensky, in his 
fig. 3 of PI. xii, has lettered the same organ gs.f without 
explaining the meaning of these letters; from the text, how- 
ever, it seems obvious that the structure in question is con- 
sidered either a portion of the generative system, or some other 
form of gland. I have not the slightest doubt that the organ 
so consistently described by the above observers as a gonad 
is in reality the suboBsophageal ganglion. The structure 
figured by Nitsche (No. 10, Taf. xxv, fig. 5, iV), and con- 
sidered by him to be possibly nervous, I believe to have no 
existence as a special organ. Schmidt (20) has expressed his 
opinion that Salensky's '' ganglion '^ is really the empty vesicula 
seminalis, and with this view I entirely concur. Salensky has 
pointed out the difficulty of discovering the ''ganglion,'' 
except in young individuals which have developed no genera- 
tive organs : in the adult one may assume that he recognised 
the true nature of the vesicula seminalis from the presence of 
the spermatozoa. Although Schmidt is right in denying the 
nervous nature of this supposed ganglion, his opinion that the 
large nerves figured by Salensky are also parts of the generative 
apparatus is erroneous ; the existence of these nerves cannot be 

> On p. 7 of No. 11, Schmidt Bays, ** Ich finde bei Loxosoma singalare 
oberhalb der Hoden, aber aach zwiachen Oesophagus UDd Enddann quer 
g«lagert eine Art von Nenrenband oder DoppelgaDglion, dessen BedeutuDg mir 
aber deasbalb sehr fraglicb, weil ich bei den anderen Arten nichts Ent- 
spreobendes gesehen." Schmidt has thus apparently really identified the 
ganglion in L. singalare, although, led astray by the belief that the same 
organ was a gonad in L. Raja and other species, he has failed to convince 
himself of the correctness of his own identification of the organ in L. 
singulare. 
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doubted^ and Salensky's account of them is quite accurate. 
The latter observer has figured sensory hairs on the tentacles 
of an advanced bud ofL. crassicauda, but has fallen into a 
singular error in denying their existence in the adult, as in 
this very species the sense hairs are undoubtedly well developed 
in the mature animal. 

According to my own observations, the nervous system has 
the following characters (PI. XIX, fig. 1). The dumb-bell 
shaped ganglion (ga.) lies transversely across the intestine, 
immediately on its anterior or oral side (fig. 11). In sections 
of L. Tethyse (fig. 16) it is seen that the organ consists 
medianly of a fibrous commissural portion in which there are 
no ganglion cells, and of two lateral ganglia, in each of which 
the cells form a layer round the outer end of the commissure. 
In these preparations it is not possible to distinguish the 
outlines of the ganglion cells, the number of which is, how- 
ever, clearly indicated by the nuclei. There is no doubt that 
the central portion of the ganglion is really fibrous, as above 
described ; and there is no trace whatever of a central duct, 
whose presence is required on the hypothesis of the generative 
nature of the organ. The ganglion can be easily observed in 
any individual of all the species I have examined, and is found 
not only in the buds but also in the adults, whether the latter 
are provided with generative organs, male or female, or are 
sexually immature : — It can be discovered in sections as 
readily as in the living animal. 

The peripheral nervous system is most easily examined in 
the living condition, L. crassicauda, on account of its great 
transparency, forming a most favorable species for investiga- 
tion. The most conspicuous part of the peripheral nervous 
system is formed by a pair of tactile prominences on the 
posterior wall of the calyx (already described by Vogt (12) and 
Salensky (15) in other species), and by the strong ganglionated 
nerves connected with these organs. From each end of the 
ganglion passes ofi a strong nerve which swells into an en- 
largement formed of bipolar cells (fig. 1, gas.). From the 
end of the latter a nerve passes, without branching, to the 
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tactile prominence on either side of the posterior wall of the 
calyx, situated not far from the level of the ventral surface of 
the stomach (fig. 1, ps.). Each of these sense organs, whose 
structure is described below, bears a tuft of long stiff hairs. 
The tentacles are provided with a rich development of sense- 
cells, supplied by nerves (one for each tentacle) connected 
with the ganglion. Owing to the somewhat varying number of 
the tentacles, the arrangement of their nerves cannot be 
absolutely constant, although certain general features can 
always be made out. The tentacles belonging to the posterior 
half of the lophophore appear to be invariably supplied by two 
pairs of nerves running in the posterior vestibular wall. The 
more median pair arises directly from the ganglion, each of 
the two nerves usually supplying three tentacles in the manner 
indicated in the figure. The outer pair arises from the nerves 
of the posterior tactile prominences, and usually forks so as to 
give rise to two tentacular branches. The origin of the nerves 
belonging to the tentacles of the anterior half of the lopho- 
phore is less easy to determine; but their arrangement, as 
given in fig. 1, is probably not very inaccurate. With the 
exception of the two pairs figured, no nerves were with certainty 
observed to arise directly from the ganglion,^ although it is 
possible that those supplying the dorsal regions of the body 
may have this origin. At ihe base of each tentacle the nerve 
swells into a small ganglion (fig. 1, tga.), consisting in most 
cases of about four or five bipolar cells. This ganglion gives 
off one or two nerve-fibrils, passing directly to as many sense- 
cells, and is prolonged into a fine nerve, which passes up the 
axis of the tentacle, the rest of whose sense- cells it supplies. 
These tactile organs are not very numerous, and they occur 
entirely on the outer (unciiiated) and lateral portions of the 
tentacle. Each bears a fine stiff hair, or more rarely two or 
three. A single large hair occurs in the middle of the convex 
side of each tentacle near its apex, and when these organs 

1 In the adult, there is no trace of a brain or of circumcesophageal com- 
missures, even the tentacles of the anterior portion of the. lophophore being 
undoubtedly supplied with nerves from the suboesopbageal ganglion. 
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are retracted the hairs radiate towards the centre of the 
vestibular orifice^ immediately behind which they form a 
circlet, so that nothing of an irritant nature can pass through 
the aperture without at once coming into contact with one or 
more of the tentacular sense hairs. 

The calyx^ like the tentacles, is well supplied with sense hairs, 
which are most numerous in the neighbourhood of its edge ; 
they occur (rarely) on the ventral portions of the stalk, 
although they are absent nearer its attached end. The con- 
nection of the more dorsal sense-cells with the ganglion could 
not be made out, in consequence of the opacity of the stomach. 
On the right side of fig. 1 is represented a nerve passing down 
the stalk, and giving off a branch to a sense-cell. In other 
regions of the body sense-cells are supplied from various parts 
of the nerves ; none were discovered with certainty on any part 
of the inner wall of the vestibule, although the elongated cells 
of the epistome and oral end of the oesophagus have doubtless 
a sensory function, being probably endowed with the faculty 
of taste or smell. 

The most reliable means of noticing the distribution of the 
sense-cells is in silver-nitrate preparations, fig. 3> for instance, 
representing the entire posterior wall of the calyx of L. eras- 
si can da. In addition to the large epithelial cells may be 
observed very small cells which are provided with sense hairs 
in the living condition. By staining the silver preparations 
with picrocarmine (fig. 7), each of the small areas of fig. 3 
was seen to be provided with a nucleus, the whole structure 
thus forming a small ectoderm cell. 

In picrocarmine-silver-nitrate preparations was further 
observed the direct continuity between the latter and a nerve 
fibril, swelling into a bipolar gauglion-cell, whose deeper process 
passed directly into a nerve (see also figs. 1 and 8). This 
connection of the sense-cell with the central nervous system 
by means of the interposition of a ganglion- cell invariably 
occurs, whether the latter is isolated in the gelatinous tissue of 
the body, or is a constituent of the ganglion at the base of a 
tentacle (fig. 1, tffa,). The connection of these cells with the 
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ectodermic sense-cells may be seen either in the living animal 
or in glycerine preparations in a manner which leaves room for 
no doubt as to the actual existence of this arrangement. 

It remains now to consider the structure of the two posterior 
sense organs of L. crassicauda. In silver preparations 
(fig. 4) each is seen to consist merely of an exaggerated sense- 
ceU, bearing a number of hairs^ and provided with a large 
nucleus. The sense-cell passes into a nerve continued into a 
large number of ganglion-cells^ instead of one only, as in other 
regions of the body of this species. The increase in the 
number of these cells is no doubt correlated with the speciali- 
sation of the sense organ. The arrangement in L. pes indi- 
cated in fig. 6^ forms an intermediate condition between the 
two kinds of sense- ceUs ofL. crassicauda. The posterior 
sense organs of the latter differ from the sense-cells borne on 
other parts of the body in forming distinct papillae, at the 
apex of each of which is an enlarged sense-cell. In most 
cases (fig. 6) three of the flat epidermic cells are concerned in 
the formation of the papilla. 

In Pedicellina no special attention was given to the 
peripheral nervous system. The ganglion (ffa.) is, however, 
shown in fig. 12, a horizontal section ; it consists of a central 
fibrous mass and of peripheral ganglion-cells. Instead, 
however, of being greatly elongated transversely, as in 
Loxosoma, it is oval; at the side^ come off several pairs of 
nerves. 

In a picrocarmine-glycerine preparation of Pedicellina, 
each tentacle (fig. 5) is traversed by a fine nerve, which gives off 
branches on its outer side, each passing into a bipolar ganglion- 
cell connected with an ectodermic sense-cell; one of the latter 
appears to be provided with a sense hair. 

In the larva of Pedicellina, Hatschek (14) has called 
attention to the existence of tactile hairs on various parts of 
the body (Taf. xxix, fig. 26). These have exactly the appear- 
ance of the sense hairs of the adult Loxosoma, but their 
connection with the nervous system has not been observed. To 
the same category probably belong the stiff hairs arranged in a 
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ring round the foot-gland or sucker of the larva of both Pedi- 
cellina and Loxosoma. Sensory hairs have ben 
described in various species of Ectoprocta; Nitsche (4), for 
instance^ has figured on the tentacles of Alcyonella fun- 
gosa^ tactile hairs exactly like those of Loxosoma, and 
arranged singly or in groups of two or three. In the former 
case each hair, and in the latter each group of hairs, is no 
doubt borne on a sense-cell similar to those of Loxosoma. 

Sense organs, in external appearance resembling the pair 
described above in L. crassicauda, occur in Rhabdo- 
pleura^. Lankester has suggested the possible homology 
between these organs and the ''osphradia" (Spengel's olfactory 
organ) of the MoUusca. Although this homology is not 
impossible, the character of the tactile organs of L. crassi- 
cauda seems to indicate that the posterior sense organs are 
merely specialised sense* cells, exaggerated in size, and I there- 
fore regard it as probable that these organs in the Polyzoa 
have no homology with the osphradia of Mollusca. 

The only portion of the nervous system whose development 
I have followed in the bud is the ganglion (in Loxosoma), 
Although the share which is taken by the derivatives of the 
difi^erent germinal layers in the budding processes of this genus 
is still obscure, the ganglion may be definitely stated to origi- 
nate from ectoderm cells. It is, in fact, developed from 
the floor of the vestibular cavity, and this can only be regarded 
as ectodermic, whatever may be the origin of the alimentary 
canal. In a longitudinal section through a fairly-advanced bud 
(fig. 15) it is seen that a narrow slit-like diverticulum of the 
vestibule passes behind the epistome. This diverticulum, 
which remains in very much the same condition throughout 
life (see fig. 11), does not give rise in /o/o to the ganglion, which 
is merely formed by a difi'erentiation of some of its ectodermic 
cells. Hatschek (14), in his account of the budding of Pedi- 
cellina, describes the development of the ganglion as a diver- 

^ These organs are on the posterior side, and are two in number ; their 
position, however, differs somewhat from that of the similar organs of L . 
orassicauda. 
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ticulam from the vestibule^ at a later stage pinched off as a sac 
containing a small lumen (Taf. xxx, fig. 4D, o). It appears to 
mCy however, unlikely that Hatschek^s account is perfectly cor- 
rect. Fig. 12 is a horizontal section through a Pedicellina. 
The ganglion {ga.) is oval, and consists of a peripheral layer 
of cells, enclosing a central fibrous mass, as in Loxosoma. 
In order to transform Hatschek's ganglion rudiment into the 
adult condition it would be necessary to atrophy the lumen 
and to replace it by a development of nerve-fibres. The latter 
would thus be formed from the primitively external surface of 
the cells, a conclusion which appears most improbable, since 
the position in which nerve-fibres originated phylogenetically 
was no doubt the deeper surface of cells which formed part of 
the outer ectoderm. This consideration, as well as the history 
of the ganglion in Loxosoma, leads me to suspect that the 
lumen in Hatschek^s ganglion is in reality the commencement 
of the fibrous tissue, which in optical sections might easily be 
supposed an empty space. Similarly Nitsche (10) has described 
the ganglion of Alcyonella as originating as a diverticulum 
from the tentacle sheath. I regard it as probable that the 
explanation which I have suggested for Pedicellina will hold 
also for Alcyonella. 

Salensky has pointed out the similarity between the two 
posterior sense organs of L. crassicauda and the similar 
organs of Botifera {vide Mobins, No. 9, Taf. v, fig. 3). These 
organs in Brachionus consist of a pair of bunches of fine 
hairs, borne laterally on the surface of the body, and each 
supplied by a nerve from the brain. Mobius describes, further, 
certain bipolar ganglion-cells passing by means of a nerve- 
fibril directly to the body-wall, although no tactile hairs are 
described in this position. 

Alimentary Canal. — ^The general characters of this system 
are already well known, and a reference to the figures accom- 
panying this paper will sufficiently explain its anatomy. 
Behind the mouth (fig. 11) is a large epistome, the size of 
which has hitherto been hardly sufficiently recognised, and in 
extent, indeed, is not far inferior to the buccal shield of 
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Rhabdopleura (its homologae). Its anterior portion, wfaich 
forms the posterior boundary of the mouthy is composed of 
very long, ciliated, rod-like ectoderm-cells, with much elongated 
nuclei (figs. 11 and 18). The posterior wall of the epistome 
is formed of large cells, and bounds anteriorly a diverticulum 
from the vestibule. At the bottom of this diverticulum is the 
ganglion. 

The oesophagus communicates with the dorsal and anterior 
end of the stomach, as indicated in fig. 2, the passage of the 
stomach into the intestine being shown in fig. 1 and fig. 11. 
The rectum is separated by a constriction from the intestine ; 
in L. crassicauda it protrudes into the vestibule as a lai^e 
cone-like process (fig. 11), whilst in most other species the 
posterior wall of the rectum is closely applied to that of the 
vestibule, so that in these cases there is no free rectal cone. 

The whole of the alimentary canal in L. crassicauda is 
lined by cilia, even the 'Miver-cells^' of the stomach forming 
no exception to this statement. These cells are nucleated 
peripherally, whilst more centrally they contain yellow 
*' hepatic'^ spherules, which give their characteristic colour to 
this part of the stomach. 

In L. Leptoclini the stomach is produced laterally into a 
pair of wing-like outgrowths (fig. 2). In some species the 
occurrence of a parasite, a holotrichous Infusorian, swimming 
about in considerable numbers in the stomach, is very constant ; 
three of them are seen in fig. 11 (7). 

Connective Tissue and Muscular System.— These structures 
are best studied in the living animal or in glycerine prepara- 
tions. The whole space between the ectoderm and the ali- 
mentary canal is completely filled, either by the gonads and 
other organs, or by a gelatinous matrix enclosing connective- 
tissue-cells, muscle-cells, &c. 

The Entoprocta possess no body-cavity nor any definite 
system of spaces representing this structure.^ The gelatinous 
matrix is perfectly transparent and hyaline, and, I believe, 

> Paired spaces, shown in hg. 11, ujually occur in the epistome of L. 
crassicauda. 
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corresponds completely to the substance existing in the same 
position in an ordinary Trochosphere before the appearance 
of a definitive body cavity. 

The connective-tissue cells ofLoxosoma are large and 
granular (fig. 10), usually elongated, and giving off processes 
anastomosing with those of other cells ; they occur in all parts 
of the body — in the axis of the stalk, at the sides of the 
stomach, in the tentacles, and so on. InPedicellina (fig. 6) 
these cells are more similar to ordinary stellate connective- 
tissue corpuscles. The muscle-fibres are elongated nucleated 
spindle-shaped cells, often branched at their ends ; they are 
best developed in the stalk, where they form a longitudinal 
layer immediately beneath the epidermis. Special muscular 
fibres are connected with the foot (in those cases where the 
foot-gland persists), the tentacles, and other parts of the body. 
I have nowhere observed with certainty the endings of nerves 
in the muscles. 

Sxeretory Organs. — With the details of the structure of these 
organs, so important for a correct appreciation of the syste- 
matic position of the Entoprocta, we are almost altogether 
unacquainted. Schmidt (11) has alluded to the nephridia, but 
appears to have considered them as parts of the generative 
system. Hatschek (14), who has detected them in both 
adults and larvae of Pedicellina, makes the important state- 
ment that in the former the nephridia are composed of per* 
forated cells, whilst Joliet (24), who has devoted an entire 
paper to the treatment of these organs, asserts that their walls 
are so delicate that the existence of an excretory function is 
doubtful. 

The nephridia of Loxosoma are found lying on the ventral 
wall of the stomachy one on each side of the oesophagus (see 
Joliet's figure), and situated near the anterior surface of the 
body. In examining their structure, best observed in the 
living condition, the animal should be looked at from in front. 
The proximal portion can be investigated with more ease than 
the part which is nearer to the external aperture, since the 
organ in the latter position is covered by the CBsophagus, 
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through whose thick walls the examination of fine details is a 
matter of great difiSculty. The proximal part consists of a 
small number of cells (fig. 17)^ which^ in opposition to Joli^'s 
statement^ I consider undoubtedly excretory in function. The 
number of these cells seems to be invariably about four (L. 
crassicauda); they are of a distinct yellowish-green tint^ the 
general appearance of which I have attempted to indicate in 
the figure^ although on examination with high powers it is 
seen that this is entirely due to the presence of numerous 
granules which alone are coloured. The distal portion of the 
nephridium is a colourless duct, which presumably has no 
excretory function. In this portion only two nuclei were 
observed^ the remainder of the duct being partly concealed by 
the oesophagus^ although its cilia could be distinctly made out 
almost as far as the external opening (fig. 17). It seems to 
me certain that the two nephridia open independently, their 
apertures occurring in the depression of the vestibular floor 
situated behind the epistome; there can be no doubt that 
the nephridia open to the exterior in front of the 
ganglion. The proximal portion is invariably curved, the 
concave side being internal, and the entire organ is perforated 
by a ciliated duct, beginning at its proximal end, and opening 
distally into the vestibule. The proximal cell I believe to be a 
flame-cell, as represented, although I am not prepared to state 
positively that this is really the case. In many individuals, 
however, I have felt satisfied that I have detected the single 
flagellum of the flame-cell, the difficulty consisting in the dis- 
tinction of the movement of a flagellum of this kind from the 
appearances produced by the co-ordinated movements of a 
series of cilia like those occurring in most parts of the nephri- 
dial duct. The proximal portion of the duct, which ends 
apparently csecally, is somewhat swollen, whilst the next 
portion is constricted ; at the bend of the nephridium, the duct 
increases very largely in calibre, the widened portion being 
continued slightly beyond the termination of the excretory 
cells, and thence narrowing to the aperture. The duct per- 
forates the individual cells of the nephridium, the cell limits 
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being indicated on the exterior by conBtrictions^ whilst in 
glycerine preparations made with osmic acid and picrocarmine 
it has been possible to observe the nuclei of the perforated 
cells^ seen also with less certainty in the living condition. 
My observations on the nephridia of Loxosoma are confined 
entirely to the adults but from the analogy of Pedicel lina 
there can be little doubt that the larva also is provided with an 
excretory organ. 

Although the nephridium described above differs in a very 
marked degree from that of the Brachiopoda^ it has the 
closest possible similarity to the head-kidney of many Trocho* 
spheres (see Hatschek's papers on Folygordius (17) and 
Echiurus (26). The resemblance between the nephridium of 
Loxosoma and the head-kidney of the larval Polygordiu 
is, however, more striking than could have been anticipated, 
since Fraipont (43) has shown that each branch of the head- 
kidney of the larval Polygordius ends blindly, and has not 
in reality the form of a ciliated funnel opening into the body 
cavity. The probability that the excretory organ of the adult 
Loxosoma is to be regarded definitely as a head- kidney is, 
however, most clearly shown by an inspection of the results of 
the researches of Eduard Meyer on the head-kidneys of various 
Annelid larve. Dr. Meyer was kind enough, during my stay 
at Naples, to show me his drawings (at present unpublished) 
of these structures, which resemble the nephridia of Loxo- 
soma in a more striking manner than does even that of 
Polygordius, the similarity being obvious in the number of 
the excretory cells, in the relative size of the lumen in different 
parts of the organ, in the mode of termination in a fiame-cell, 
and in other points. 

The Trochospheral head-kidney opens to the exterior on 
each side in front of the anterior end of the ventral nerve- cord, 
as is the case in the Echiurus larva (Hatschek), in the adult 
Loxosoma, and (Joliet) in the adult Pedicellina. Al- 
though it is by no means impossible that fine apertures may 
really exist in the proximal end of the head-kidney of Loxo- 
soma, it is probable that the flame*cell termination, situated 
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in the "primary body cavity/^ is morpholo^cally different 
from the ciliated funnel which opens into the '' secondary body 
cavity'^ in Chsetopoda^ Mollusca, and Brachiopoda. 
This is the view adopted by Lang (47) , who has pointed out 
(p. 678) the support afforded to it of Ed. Meyer's observation 
that the ciliated funnel in Folymnia (Terebella) is in its 
first development quite separate from the excretory organ, 
with which it secondarily enters into connection. It appears 
to me^ therefore^ that the Folyzoa have remained (in this 
respect at any rate) in a far more archaic condition than the 
Brachiopoda^ which possess a nephridium provided with a 
ciliated funnel. 

It is probable, as Joliet (24) has already pointed out, that 
the "segmental organ '^ which has been described in some 
Ectoprocta is not the homologue of the nephridia of the 
Entoprocta. 

I have in no species ofLoxosoma succeeded in discovering 
the paired organs described by Salensky (15), and supposed by 
him to be renal. They are said to occur at the sides of the 
intestine in L. crassicauda, each consisting of a group of 
eight stalked cells opening to the exterior by a common duct. 

Oenerative Organs. — The gonads of the Entoprocta are un- 
doubtedly "idiodinic," to adopt Lankester^s term (No. 38, 
p. 682), i.e. they have their own ducts to the exterior, and do 
not make use of nephridia for the extrusion of the generative 
products. The Entoprocta have usually been described as 
hermaphrodite, although some observers, like Kowalewsky (3), 
and Ycgt (12), have asserted the separation of the sexes. 
Although I have examined a very large number of specimens 
of Pedicellina and Loxosoma, belonging to various species, 
I have in no single case been able to find in the same individual 
mature ovaries and testes. One or two of my preparations 
perhaps indicate that male and female generative organs can 
be developed in the same individual at different seasons; and 
I am inclined to believe that this is what really happens.^ In 

> The fact that bods are developed indifferently on males and females alike 
perhaps indicates the correctness of this view. 
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L. pes the structure of the generative organs is certainly 
more complicated than in most of the other species^ in which 
I have invariahly found that mature ovaries and testes are 
mutually exclusive. It is easily shown that individuals contain- 
ing developing embryos in their vestibule are not provided with 
testes in the species of Loxosoma and Pedicellina which I 
have examined. In some cases (as in fig. 16) a vesicula seminalis 
containing spermatozoa is founds although the testes seem to 
be completely absent. This fact^ perhaps^ indicates that the 
male gonads, which must have been originally present^ have 
atrophied in order to make room for the development of the 
ovaries. 

L. Tethyse and L. Leptoclini.— The generative organs, 
in individuals of either sex^ consist of a pair of glands situated 
at the sides of the body in the region marked oL in fig. 2 ; 
they lie on the ventral side of the stomach. In the male 
(fig. 13) the testes are large bodies^ consisting of a capsule 
enclosing a mass of sperm mother-cells and mature sperma- 
tozoa (with intermediate stages). I have not studied the 
details of the spermatogenesis. From each testis runs towards 
the middle line a short duct (vd,), opening into the posterior 
side of a large oval vesicula seminalis^ which in mature males 
always contains numbers of elongated filiform spermatozoa^ 
which execute various movements even before their escape to 
the exterior. The aperture of the vesicula into the vestibule 
is very difiicult to discover, but has apparently been seen by 
Vogty although this observer's statements have been most 
unjustly questioned by Schmidt. It is worthy of note that 
the ganglion can easily be observed in all mature males, and 
that Schmidt's identification of this structure as the ^' testes '^ 
is hence undoubtedly erroneous. 

In the female the gonads have the same position as in the 
male, and open by a single pore into the space between the 
epistome and the ganglion (fig. 14). This pore {p.) leads into 
an unpaired oval cavity, from which proceeds on each side a 
duct to the ovary. The arrangement in Pedicellina is very 
similar, except for the fact that the unpaired portion is pro- 
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longed into a passage opening at the end of a projecting papilla* 
In this genus, however^ the ovaries are situated between the 
ganglion and the intestine, whereas in Loxosoma they are 
found between the ganglion and the oesophagus^ as indicated 
by the position of the unpaired part of the generative duct. 
(Compare fig. 12 with fig. 14; notice also fig. 16, a male.) 
The ovary in L. Tethyse consists of a small number of cells, 
of which only one becomes mature at the same time (fig. 14). 
The cell which is becoming an ovum increases in size at the 
expense of the neighbouring ovarian cells; the latter are 
absorbed by the egg, or rather appear to fuse with it, so 
that the nearly mature ovum contains several nuclei whose 
cells are separated from one another only by indistinct 
boundaries. These disappear in later stages, and the absorp- 
tion of other primordial ova by the developing ovum is then 
only indicated by the fact that the latter is polyuudear. At a 
still later stage presumably, the nuclei of the nutritive cells 
are absorbed, as the mature ovarian ovum contains only a 
single nucleus. In addition to this process of the fusion 
of several ovarian cells to form a single ovum, another 
method by which the latter is nourished takes place in 
L. Tethyse. In many of my sections the developing ovum is 
seen to be engaged in devouring curious masses marked vt. in 
fig. 14, and difl*ering entirely in appearance from the ovarian 
cells. The latter stain readily with haematoxylin, whilst 
the bodies vt. hardly absorb any of this colouring matter; 
they have in fact precisely the same appearance as the yolk 
material difiused through the mature ovum and segmentation 
spheres of this species of Loxosoma. There can hence be 
very little doubt that the bodies which are thus devoured by 
the ovum play the part of a vitellarium. In the ovaries of 
L. Tethyse I have seen no structures with any resemblance 
to the bodies in question, whilst the gland-cells occurring 
round the edge of the calyx (described by Salensky, vide his 
figure) behave in exactly the same manner with respect to 
colouring matters, and have the same characteristic granular 
appearance as the bodies vt, in fig. 14. These vitelline masses 
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in the ovum do not seem to be proTided with a nucleus, 
although there can be little doubt that they are really of 
cellular nature, whilst the '' gland-cells " of L. Tethy» are 
usually true nucleated cells. In spite of this difference, I can 
see no course open but to suppose that these '^ gland-cells" 
lose their nuclei, and are absorbed by the ova in the manner 
indicated by the figure. If this is really the case, it is difficult 
to believe that the bodies in question really have the nature 
of gland-cells, and it is poesiUe that they may belong to the 
mesoderm, and have no connection with the exterior.^ 

Whatever the origin of the vitelline masses observed in the 
nearly ripe ovum, it is a fact of some interest that the yolk in 
L. Tethyse appears to be prepared in part by cells which have 
no connection with the ovary, and that the vitellarium is 
probably not a modification of a primordial germinal mass 
containing potentially both yolk-gland and ovary. In L. 
Leptoclini, the only other species which I have found sexually 
mature at Naples in considerable quantities, I have not observed 
any processes for the nutrition of the ovum comparable to either 
of the methods described in L. Te thy» ; and it is a noteworthy 
fact that the ''gland-cells" of this species differ in their 
histological character from any cells occurring in the other 
species which I have examined. 

It is difficult to reconcile some of the statements of Schmidt 
with the appearance of my own preparations of the generative 
organs of the Entoprocta. I have been unfortunately unable 
to study in detail the structure of the generative organs of 
L. pes, the form specially investigated by Schmidt (11 and 20), 
and I have reason to believe that these generative organs do 

' In poaitioD, the "gland ceils" of L. Tethjn correspond with the 
"apical oeils" {ac, fig. 2) of L. Leptoclini, except for their greater 
lateral extension (nearly as far as the middle of the calyx on each side) in the 
former species. It appears to me not improbable that these two sets of 
structures are homologous, although 1 hare in L. Leptoclini no eridence 
as to their nature. Perhaps in this species the cells, originally playing the 
same part as those of L. TethysD, are at present mere functionless rudJ- 
ment^. 
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really differ from those of both L. Tethyse and L. Leptoclini. 
In Taf. i, fig. 1 (No. 11)^ Schmidt has figured the ganglion 
of L. Raja as '^ testes/' and what are doubtless the testes as 
''ovaries/' so that his statements as to the hermaphrodite 
nature of this species^ at any rate, are based on a misunder- 
standing. As may be concluded from the description of L. 
pes^ on p. 7^ Schmidt seems further to have believed that the 
nephridia formed parts of the generative organs. In Taf. ii^ 
fig. 8, he has represented (L. pes) a duct passing from the 
vesicula seminalis to the "ovary'' on each side, this "ovary" 
consisting of a large rounded body containing '' ova *' and sper- 
matozoa. From his second paper (No. 20) one may conclude 
that Schmidt considers it probable that the spermatozoa cannot 
escape to the exterior, their only exit from the vesicula semi- 
nalis being through the ducts leading to the " ovaries." I am 
convinced that Schmidt's "ovaries" are in reality the testes, and 
his '' ova" the sperm mother-cells. By referring to my own 
fig. 13 it will be seen that the testes of L. Tethyse have the 
same characters as Schmidt's so-called '' ovaries" in L. pes. I 
must most strongly express my conviction that in no species of 
Loxosoma is there any duct passing from the vesicula semi- 
nalis to the ovaries, and that where such an arrangement has 
been described the duct is really the vas deferens, and the 
" ovary " is the testis. Vogt's account of the passage of a 
bundle of spermatozoa from the vesicula seminalis to the exte- 
rior is doubtless correct, although Schmidt has questioned its 
accuracy. I have not observed the process of fertilisation in 
Loxosoma. 

What may be the nature of the bodies t and /' in Schmidt's 
Taf. ii, fig. 8 (No. 11), I cannot say, but I am unable to agree 
even with his second account of their character (No. 20). In 
this paper he states that the dorsal one is a bud rudiment, 
which is the same thing as the " generative rudiment" described 
by himself, Nitsche, and others in the bud (that is to say, the 
organ which on my view is the ganglion). The "bud rudi- 
ment" described by Schmidt in the adult is thus very different 
in natrre from the structure identified by him as the same 
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organ in the bud ; and it appears to me to have no real con- 
nection i¥ith the budding processes. 

In L. crassicauda, L. Leptoclini and L. Tethyse there 
is certainly no such ** Kuospenstock'' as that described by 
Schmidt. In the woodcut fig. 2^ on p. 75 of Schmidt's second 
paper the generative organs of a male L. pes have probably 
been represented; o is in this case the testis^ and the vas 
deferens is not indicated. Schmidt's attempt to elucidate the 
nature of the two pairs of bodies described by him respectively 
as ''testes" and ''bud-rudiments*' can thus hardly be con- 
sidered successful^ and I am unable myself to throw any fresh 
light on the nature of these problematical organs of L. pes. 

Part 8. — ^The Dbvzlopment of Loxosoma. 

Our present knowledge of the embryology of Loxosoma 
is exceedingly limited^ in spite of the statements of Vogt^ 
Barrois, and others on the subject. That of Fedicellina 
has^ however^ been most accurately worked out by Hatschek 
(14)^ whose account I can confirm in its main features^ with 
the exception of that part which refers to the development and 
the nature of the '* dorsal organ/' his '' Entodermsackchen." 
My study of the development of Loxosoma has been made 
almost entirely by means of sections passing through the 
embryos in various planes.^ L. Leptoclini differs from 
L. Tethyse in possessing two specialised diverticula of the 
posterior portion of the vestibule^ one on each side of the 
intestine^ which by its projection as a large longitudinal ridge 
(covered of course by ectoderm) into the vestibular cavity, 
gives rise to the two diverticula. In these the earlier stages of 
development take place, the older embryos^ however, escaping 
into the main vestibular cavity, and no doubt nourishing them- 
selves on food particles brought to the vestibule by the cilia 
^ The material was preserved with osmio acid, picric acid, or corrosive 
sublimate ; the best staining of the embryos was obtained, after cutting, by 
means of Mayer's method for fixing sections on the slide (39). In this case, 
hematoxylin, picrocarmine, or picrocarmine followed by biematoxyiin gave 
the best results. 
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of the maternal tentacles^ as is the case, according to Hatschek, 
in Pedicellina. In L. TethysD there are no specialised 
brood pouches, and devel6pment takes place in the general 
cavity of the yestibule. In L. Leptoclini, however, where 
the amount of yolk is very small, the lining of the two brood 
pouches at the sides of the intestine consists of an epithelium 
of high columnar cells, altogether unlike the flat cells which 
line the greater part of the vestibule. During the earlier 
processes of development (figs. 26 — 84) the embryo hardly 
increases at all in size, if allowance is made for the appearance 
of internal cavities (blastocoel, archenteron), by which the cell 
layers are forced asunder. 

At about the stage of fig. 48, however, the epiblast in certain 
regions becomes very thin, and these portions are found closely 
applied to the columnar epithelium lining the brood pouches 
(fig. 47). The embryo forthwith commences to grow rapidly 
(figs. 48^-45), and although this increase in size may be partly 
due to the digestion of food particles taken in by the mouth 
(which is already present), it is probable that it is mainly due 
to the activity of the columnar cells of the brood pouch. 
These may be supposed to secrete a nutrient material through 
the thin walls of the embryo into its primary body cavity, 
which at this stage is a wide space between epiblast and hypo- 
blast. The connection between the thin walls of the embryo 
and the epithelium of the brood pouch is often so intimate that 
careful observation is necessary to discover the existence of the 
former (see fig. 47). It is probable, therefore, that in L. Lepto- 
cliui the embryos are nourished by a placenta composed of a 
layer of glandular cells, modified epidermic elements of the 
vestibule, forming a portion of the outer limit of the gela- 
tinous substance (of the adult), which serves as a medium for 
the diffusion of the various products of metabolism to the 
different organs. 

In Pedicellina echinata the epithelium lining the brood 
pouch is similar to that found in the corresponding position in 
L. Leptoclini. It is, however, thrown into numerous folds 
(fig. 12), whilst no intimate connection is set up between the 
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embryos and the vestibalar epithelium. It is hence probably 
the case that in Pedicellina the brood pouch can be almost 
completely shut off from the rest of the vestibule^ nutrient 
substances being secreted into it by its glandular epithelium^ 
i¥hich is largely increased in area by the formation of folds. 
This is^ probably^ in the main a consequence of the large 
number of the embryos present at the same time^ and of the 
great increase in size which they experience during their stay 
in the brood pouch. 

In the whole course of the development of L. Tethyse^ the 
increase in sisse of the embryo is small compared with that of 
L. Leptoclini and of Pedicellina; so that whereas the 
ovum of L. Tethyse is much larger than that of L. Lepto- 
clini^ this difference in size being still very obvious in 
comparing^ for instance, fig. 29 with fig. 60, or fig. 88 with 
fig. 62 (representing corresponding stages of the two species 
magnified to the same extent), the embryo of L. Leptoclini 
early equals that of L. Tethy» in size, the free larva of 
the former species being considerably larger than that of the 
latter. 

It is worth noting that the marked growth of the embryos 
of L. Leptoclini and of Pedicellina cannot probably be 
entirely ascribed to the fact that they devour particles of solid 
food, since in L. Tethy», whose embryo is quite early pro- 
vided with a mouth, the increase in size during develop- 
ment is comparatively small. 

Segmentation, Formation of the Oerminal Layers, and Completion 
of the Alimentary Canal ; Mesoblast. 

L. Leptoclini. — The ovum (fig. 26), on escaping into the 
vestibule, segments completely, at first into two (fig. 26), and 
then into four (fig. 27). The latter figure was drawn in the 
living condition, and shows the vitelline membrane present at 
this and some of the later stages. I have not observed polar 
bodies, this being probably a result of my almost exclusive use 
of the section method. At the next stage represented (fig. 
28), the embryo is a solid mass consisting of about eight cells, 
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four of which occur in the section ; whilst in fig. 29 the number 
of cells is larger, and a segmentation cavity or blastocoel has 
made its appearance. The embryo at this stage is usually 
much flattened, partly owing to the pressure of larger embryos 
which are found at the same time in the brood pouch. The 
number of embryos in each brood pouch is, however, consider- 
ably smaller than in Fedicellina, and seldom exceeds about 
two or three. In fig. 30 it is seen that a slight depression has 
been formed in the centre of the flattened side, representing 
the commencement of the archenteron. The cells on the side 
of the blastopore are somewhat higher than on the opposite side, 
whilst the blastocoel is almost obliterated, owing to the pres- 
sure of other embryos. In fig. 31 the blastocoel is larger, 
although the invagination has proceeded a stage further. Fig. 
82 and fig. 88 represent sections of other embryos slightly 
older than fig. 31: In fig. 83 the section has just missed the 
blastopore, so that the invagination appears solid, whereas in 
most other cases, a central depression is present from the first 
in the invaginating mass of cells. Fig. 32 shows the appear- 
ance of a large cell in the immediate neighbourhood of the 
blastopore ; this is one of the two pole-cells of the mesoblast. 

The figures 60 and 61 represent two early stages of L. 
Tethyse, drawn with the same magnifying power as those of 
L. Leptoclini. In fig. 60 the blastocoBl has just made its 
appearance. In fig. 61 the invagination has progressed to a 
considerable extent, the section passing transversely through 
the archenteron and blastopore, and cutting both of the pole- 
cells, which even at this early stage are completely shut out 
from any share in bounding the archenteron; they have 
already taken up their definitive position between the epiblast 
and the hypoblast. 

Fig. 84 represents a section of a gastrula ofL. Leptoclini; 
the archenteron is wide, the blastocoel apparently obliterated, 
and one of the two pole-cells is seen in the neighbourhood of 
the blastopore, although the relation of this cell to the two 
germinal layers could not be distinctly made out. 

The fate of the blastopore is difficult to trace with certainty. 
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From a comparison, however^ of numerous sections of L. Lep- 
toclini and L. Tethysp. at this and somewhat later stages, I 
have come to the conclusion that the blastopore closes in the 
position where the anus is subsequently formed, and that the 
oesophagus makes its appearance as a stomodseum in front ot 
this region. 

The mesoblast in Loxosoma originates in great part at 
any rate from the pair of pole-cells. In the later stages, as 
long as they are present^ they are found in the immediate 
vicinity of the anus, each giving rise to a forwardly directed 
mesoblastic band. It is difficult by means of sections to deter- 
mine the period at which the anus originates, but even in the 
adult the anus can hardly be discovered except during the 
process of defecation. I am unable to state positively how 
much of the alimentary canal is formed as a proctodaeum, but I 
regard it as probable that the whole of the ^'rectum,'' as far as 
the constriction dividing the posterior limb of the alimentary 
canal into two parts (fig. 52), originates in this way; fig. 40, 
an, probably indicates the formation of the rectum as a proc- 
todseum. Whatever may be the real history of this part of 
the embryo^ the intestinal end of the hypoblast seems to 
remain from the earliest stages in connection with the epi- 
blast, marking the spot where the blastopore either closes or 
persists as the anus. In front, however, occurs a large funnel- 
like epiblastic involution which forms the stomodseum, and 
early communicates with the archenteron. In the embryo 
fig. 88 it is probable that the stomodseum extends as far as 
the line z, the histological difierence between the (supposed) 
epiblastic and hypoblastic cells being very conspicuous. 

From a consideration of sections of L. Tethyse it appears 
probable that some of the mesoblast may originate entirely 
independently of the pole-cells from any portion of the embryo, 
but in later stages of L. Leptoclini the main production of 
mesoblast is probably due to the pole-cells, as indicated by 
fig. 40. This is a section passing through one of the meso- 
blastic bands formed from a pole-cell. The commencement of 
the band is at the side of the anus, as shown by the position of 
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the Yeetibular invagination {v.), described later. The band 
consists of a series of branched cells^ lying in the blastoccel 
('^primary body cavity '' of Hat8chek)| in which are seen^ in 
addition^ three mesoblast cells, whose origin is uncertain. In 
the next stages the mesoblast consists of cells with anastomosing 
processes (figs. 41 and 42), scattered irregularly through the 
blastocoel, but I have never observed anything corresponding to 
a splitting of the mesoblast into splanchnic and somatic layers. 
In still later stages the mesoblast occurs mainly at the sides 
of the body, the more median regions being occupied by the 
alimentary canal, '' dorsal organ/' and '' vestibular invagina- 
tions.^' The mesoblast cells, however, fill up almost all the 
interspaces between these structures, so that the mature lava 
is practically a solid mass of closely-packed tissues, this fact, 
of course, rendering it a difiicult undertaking to distinguish 
the nature of all its constituent cells. 

The disposition of the mesoblastic bands (which at first are 
situated near the ventral surface), and their relation to the 
pole-cells (which originate at the sides of the blastopore, and 
are subsequently found at the sides of the anus), seem to me 
to support the view that the blastopore and anus are identical 
in position. 

The alimentary canal of the embryo is completed at an early 
stage, and subsequently undergoes no very striking changes 
until the larva becomes free. It consists in advanced embryos 
of the following regions, all distinctly marked off from one 
another: (i) the oesophagus (fig. 52, m.) doubtless formed as 
a stomodseum; (ii) the stomach and intestine {st. and inL) 
passing quite gradually into one another. Dorsally and late- 
rally the stomach is lined by low hypoblast cells, ventrally by 
cells which are high and columnar, nucleated peripherally, and 
containing yellow spherules; these cells, in fact, are the precise 
equivalent of the '^ liver-cells'' of the adult; (iii) the rectum 
{rec), separated from the intestine by a constriction, and pro- 
bably formed as a proctodeeum. The anus opens on a well- 
marked rectal cone projecting into the vestibule. 

The alimentary tract of the larva thus resembles in every 
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particular tliat of the adult^ in which can be similarly distin- 
guished oesophagus^ stomach (with '^liver-cells'' ventrally), 
intestine^ and rectum, the various parts having exactly the 
same relations to the two limbs of the U-shaped gut in the adult 
and in the embryo alike. Both the mouth and the anus open 
within the circumference of the ciliated ring {cr.), with respect 
to which the larva is entoproctous, just as is the adult in 
relation to the lophophore. 

Formation of the Suoker, Dorsal Organ, and Vestibnle. — ^At 
the time when the alimentary canal is just completed a series 
of most important changes takes place in the constitution of the 
embryo^ involving the appearance of the sucker (the homologue 
of the adult foot-gland), of the " dorsal organ/' and of the 
vestibule. Fig. 87 is an almost median longitudinal section of 
an embryo at a a period when the sucker and the " dorsal 
organ ^' are still in a very early stage of development. The 
oesophagus (<».) is cut medianly, the epiblastic invagination 
from which it has been formed extending as far as the mark 
z. The sucker (s.) is distinctly marked out as a group of 
epiblast cells much higher than their neighbours, and already 
indicated on the exterior by a slight depression of the surface 
of the embryo. The alterations by which the sucker passes 
into its permanent form are very unimportant, the most 
noticeable change consisting in a deepening of the involution, 
and an increase in the number and in the height of the cells 
composing the organ. The sucker, which is retractile, serves 
for the attachment of the embryo to the walls of the brood 
pouch, and this is one of the causes of the fact that it is func- 
tional at so early a stage. The foot-gland is no doubt the homo- 
logue of the larval sucker, with which it is much more similar 
in structure than could be supposed from previous descriptions 
of the adult organ. If my description of the latter is correct 
the main difference between the embryonic sucker and its 
adult representative consists in the elongation of the rounded 
depression, constituting the former, to the open elongated 
groove of the latter; in the adult, however, an additional 
complication has taken place in the separation of the ventral 



Digitized by 



Googk 



84 S1DNE7 F. HAEMEB. 

portion to form the "gland/' the "duct" of the organ 
remaining throughout life fundamentally in its embryonic 
condition. In fig. 37 the dorsal organ (6r) is seen, contrary 
to the statements of Hatschek on Pedicellinato consist of 
a few columnar epiblast cells. The section in question is 
only one of a considerable number^ giving the same evidence 
as to the earliest development of this structure. From its 
position there cannot be any doubt that the epiblastic thicken- 
ing is correctly identified as the dorsal orgau^ which neither 
in its earliest appearance nor in its ultimate fate shows the 
slightest evidence of its supposed function as a bud-producing 
organ. At the earliest stage at which it is possible to identify 
the dorsal organ with certainty, it invariably consists of a single 
layer of cells forming part of the one-layered body wall, and 
there can hence be no question as to its epiblastic nature. 
One further point may fairly be urged against Hatschek's view 
of the development of his '^Entodermsackchen.^' According 
to Hatschek certain hypoblastic cells are budded off from the 
anterior wall of the mesenteron ; they enter into connection 
with an epiblastic thickening, with which they form a budding 
organ, the endoderm cells of the bud being derived from the 
hypoblastic mass, which has taken origin from the walls of the 
mesenteron. My own sections lead me to believe that the 
stomodaeum extends inwards a greater distance than was sup- 
posed to be the case by Hatschek in Pedicellina (see figs. 
37 and 38), and if my view is correct the dorsal organ makes 
its appearance opposite a portion of the stomodseum. This 
being the case, judging from Hatschek's description, the first 
cells forming the dorsal organ, and occurring between the epi- 
blast and the hypoblast, are derived from the epiblastic cells 
of the stomodseum, and this hypothesis refuses to adapt itself 
to Hatschek's own view on the nature of the budding process. 
Finally, I must state that I have satisfied myself, by means of 
sections, that even in the embryos of Pedicellina the dorsal 
organ first appears as a thickening of the epiblast. 

In order to prepare the way for the following description 
of the further history of the development, I may at once state 
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my conviction that in the ^'donal organ'' of the Entoprocta 
we may recognise the supra^cesophageal ganglion or 
brain of these animals. 

The horizontal^ section fig. 43 cats the cesophagus (cb.) 
and the intestine (int,); the epiblast is somewhat thick, as 
this is the region of the ciliated ring. The space between the 
alimentary canal and the epiblast has increased in size ; on the 
right side is a mass of mesoblast cells growing forward from 
the region of the anus, the left wing of the mesoblast not being 
seen, owing to a slight obliquity of the section. Between the 
oesophagus and the intestine occurs a bilobed, apparently solid, 
mass of cells which are derived from the epiblast^ and repre- 
sent an early stage in the development of the vestibule. Each 
of the halves of the bilobed mass in reality corresponds to a 
shallow depression of the ventral surface of the embryo in 
front of the anus. 

Fig. 41 represents a section of a somewhat later stage, 
passing in an obliquely longitudinal direction and cutting one 
side of the oesophagus (which is considerably elongated trans- 
versely), and also a vestibular invagination. Behind the latter 
occurs the commencement of one of the paired mesoblastic 
bands, which is seen passing forwards and breaking up into an 
irregular mass of branching mesoblast-cells. Anteriorly is 
cut one of the two lateral halves of the brain, which has 
already grown inwards as a pair of wings, one on each side of 
the oesophagus. In a horizontal section of a considerably older 
stage (fig. 44), each vestibular invagination is composed of 
cells, whose nuclei are arranged in several layers. The section 
shows anteriorly a portion of the ciliated ring, indicated by the 
thickness of the epiblast and the elongation of the nuclei,^ 

^ This tenn is used somewhat loosely in the description ; in some " hori- 
zontal ** sections, for instance, the cesophagns and stomach are cut ; in others 
the OBSophagQS and intestine or rectum. 

' The existence of the nuclei on the outer side of the ceils of the ciliated 
ring in the figure is due to the fact that a slight fold of the body wall has 
been produced by the action of reagents, and has been involved by the 
section ; the cells of the ciliated ring are of course part of the external 
epiblast. 
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characters retained in all subsequent stages ; throughout life it 
consists of a single row of cells bearing long cilia. 

In a still later stage (fig. 45), the two restibular cavities {v.) 
have fused in the middle line, and form a transversely extended 
groove separating from one another the process of the body 
bearing the rectum (rec.) and the epistome ; the mouth at this, 
as at other stages of the embryonic history, is a transversely 
elongated funnel, connected on each side with a groove 
which runs round the ventral surface of the body, just 
within the ciliary ring. This " oral groove " is represented 
in fig. 40, Off. 

Only the deeper portions of the vestibule are formed from 
the invaginations just described ; the peripheral parts originate 
from a growth ventralwards of the region of the body bearing 
the ciliated ring, which can be either extended to the exterior, 
as in swimming, or can be retracted into the interior of the 
vestibule, whose aperture is then constricted, as indicated in 
fig. 56, va. 

We may now take up the further history of the dorsal organ 
or brain, which we left in the condition of a thickened area 
of the epiblast, composed merely of a single layer of cells. 
In fig. 38 the dorsal organ {br.) is seen to have become two 
cells thick. Fig. 46 represents a somewhat earlier stage, seen 
in horizontal section ; the epiblast, elsewhere very thin, has 
proliferated off a bilobed cellular mass, the wings of which 
pass as far as the sides of the oesophagus. The number of 
cells composing this structure, the brain, increases consi- 
derably, and before long it may easily be observed by means of 
horizontal sections (figs. 47 and 48) that the cells are arranged 
in a single layer round a lumen which opens medianly to the 
exterior. It is probable that the brain is at first formed by a 
solid ingrowth of cells, in which a cavity subsequently appears, 
although it is not impossible that a lumen may be present from 
the very commencement, and that owing to its small size it 
cannot easily be detected in sections. In either case, the brain 
is formed by a process of epiblastic invagination. 

Hatschek (14) has already illustrated and described in 
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Pedicellina the stage corresponding to fig. 62 of Loxo- 
80 ma; according to the statements of this observer^ the 
*^ Entodermsackchen/' originally a solid cell mass^ becomes a 
sac enclosing a lumen; the sac attaches itself to the epiblast^ 
and its lumen then opens (secondarily) to the exterior. The 
latter stage undoubtedly exists in Pedicellina, although, as 
explained above, Hatschek^s statement that the dorsal organ 
contains hypoblastic elements is probably erroneous. The 
main difference between the brain of Pedicellina (for such I 
consider to be the nature of the dorsal organ in this genus 
. also) and that of Loxosoma consists, at the present stage, 
merely in its greater transverse elongation in the latter genus, 
that of the former being represented by an oval sac whose long 
axis is directed transversely. 

Uljanin (5), it may be noted, states that in examining the 
larvae of Pedicellina, he at first erroneously supposed that 
the dorsal organ and the sucker were nervous structures. He 
says (p. 487) : ^' Sieht man eigenthiimliche ganglienformige 
Organe, die mit einander durch Commissuren vereinigt sind. 
Dieses Organ sieht einer Ganglienkette so ahnlich, dass ich es 
auch anfangs fiir ein solches gedeutet habe. Eine griindlichere 
Untersuchung bewies aber dass eine solche Behauptung 
nicht die richtige war • . • • im Innem dieser Organe 
konnte ich, trotz aller meiner Bemiihungen^ nichts Ganglien- 
zellen Aehliches finden.'' 

In Loxosoma Leptoclini, before very long after the stage 
represented in fig. 48, there appears on the deep surface of the 
invaginated brain a layer of fibrous tissue (fig. 49 and fig. 52, 
fbr.), which resembles the commissural part of the adult 
ganglion in staining very slightly even after prolonged treat- 
ment with borax carmine, or hsematoxylin. On each side of 
the brain is now found a pigment spot or eye, whose maturt 
form is shown in the free larva, fig. 56, o. The eyes make 
their appearance at a time when the brain still possesses a 
conspicuous lumen, which soon after their formation atrophies 
by the mutual apposition to one another of the two cell layers 
forming the walls of the sac ; in the larva which is ready for a 
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free swimming eidstence, the brain has the appearance of 
fig. 50 and fig. 51, two consecutive sections (horizontal) of the 
same embryo. Fig. 51 shows the two eyes (o) which the 
neighbouring section (fig. 50) has just missed, although it 
passes through the fibrous region of the brain at its thickest 
part ifbr.) On the outer side alone of the fibrous portion is 
a mass of ganglion-ceils, which in agreement with the mode of 
their deyelopment are not arranged in a single layer. There 
thus exists a well-marked distinction between the development 
of the adult ganglion (subcesophageal) and that of the larval 
brain. The latter is formed by a process of invagination, the 
fibrous layer making its appearance entirely on the deep side 
of the ganglion-cells, which are arranged in more than a single 
layer ; the former arises by the difierentiation of a solid cell 
mass from a thickened ectodermic region, the cells which com- 
pose the ganglion separating from one another centrally, and 
depositing a fibrous layer on their inner sides in such a 
manner that the adult organ consists of a fibrous core sur- 
rounded by a single layer of cells. 

The finer histological details of the structure of the brain 
cannot well be made out in paraffin sections, and in the fresh 
condition it is even more difficult to investigate the minute 
anatomy of the nervous system of the larva. From the 
examination of a very large number of sections of embryos of 
various ages, I can assert the constancy of the relations to one 
another of ganglion ceils, fibrous layer and eyes, as described 
above. It is especially important to notice that the fibrous 
layer is invariably present, and can readily be found in any 
series of sections passing through a mature embryo. The 
existence of the eyes on the dorsal organ is a very strong 
a priori argument for the occurrence of nervous tissue in this 
region. 

Fig. 54 is an obliquely horizontal section, passing through 
oesophagus and intestine, brain, and vestibular invaginations. 
On the left the section cuts the lumen of the latter, but on 
the right only the cells limiting its blind end. Each of the 
two invaginations consists of more than one layer of cells, and 
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anteriorly haa giren off a iolid oatgrowth which hat met one 
end of the brain. This union of an outgrowth firom each 
restibuhur inragination with an end of the crescent-shaped 
brain is a constant occurrence; and it may be concluded that 
some of the deeper cells of the restibular invaginations sepa* 
rate from the external epiblast to form a pair of snboesophageal 
ganglia^ united with the brain (and with one another) by 
means of a drcumossophageal commissure. It must^ however^ 
be distinctly understood that the subcssophageal ganglion 
arises from the deeper cells of an epiblastic thickenings and 
not by a direct conversion of the vestibular invaginations into 
nervous tissue. The formation of the ganglion in the bud 
thus takes place in exactly the same manner as that of its 
homologue in the embryo. In stages more advanced than 
fig. 64, it is still possible to discover a commissure running 
from the brain on each side to a mass of tissue in the post-oral 
region, although at no period is it at all easy to observe the 
limits of the subossophageal ganglion, which is closely packed 
with mesoblast cells, very difficult to distinguish in section 
from ganglion-cells. 

The dorsal organ of Loxosoma, as is well known, is pro- 
vided with a pair of ciliated sacs, one on each side, in the 
neighbourhood of the eyes, and opening to the exterior on its 
surface. These sacs are provided with active cilia, and extend 
inwards so as to lie in close contact with the external surface 
of the brain. As fiur as I am aware, the presence of these two 
sacs is the only foundation for the statement in Vol. i of 
Balfour's ' Comparative Embryology,' that the dorsal oi^n of 
Loxosoma is double, whereas that of Pedicellina is single. 
The brain of Loxosoma is in reality developed from an 
unpaired rudiment, and except for the fact that it extends 
further laterally than that of Pedicellina, there is no reason 
whatever for assuming its double nature. In Pedicellina 
the lumen of the brain atrophies, as already described by 
Hatschek ; but before this process has taken place, there occurs, 
in the same position as in Loxosoma, a deposition of fibrous 
tissue, as I have been able to observe from sections. The 
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brain in Pedicellina^ however, is not provided in anj known 
species with eyes, this being in all probability a retrogression 
from a more archaic condition. An unpaired ciliated sac, 
described by Hatschek, is connected with the dorsal organ of 
Pedicellina. 

These ciliated sacs of the Entoproctons larvae are not to be 
confused with the primitive cavity of invagination of the brain, 
which loses its lumen during the conversion of its indifferent 
cells into nervous tissue ; they are mere secondary epiblastic 
involutions, either developed for the aeration of the central 
nervous system or having the nature of olfactory organs, as 
suggested by Hatschek (17) for the similar structures in 
Polygordius. 

The eyes of the larva of L. L eptoclini consist of crescentic 
reddish-brown masses of pigment (fig. 55, o), in whose con- 
cavity is imbedded a prominent transparent lens; the finer 
details of the structure were not made out. 

Eyes are present in most larvn of Loxosoma hitherto 
described, although they appear to be absent in L. pes 
(Schmidt, No. 11). The larva of this species differs to a con- 
siderable extent from that of L. Leptoclini. In Schmidt's 
figure (Taf. ii, fig. 25) there occurs nothing which can with 
certainty be identified as the dorsal organ, whilst the larva is 
provided with three pairs of bodies of an entirely proble- 
matical^ nature. The larva of L. Tethyse I find, in external 
features, to be almost exactly like that of L. pes figured by 
Schmidt ; but at present I have not been able to elucidate the 
nature of the three pairs of problematical organs. Eyes are 
absent in the larva of L. Tethyie, although I have succeeded 
in obtaining preparations which demonstrate the existence of 
a brain, especially unmistakeable in the stage represented in 
fig. 62 (6r.). The dorsal organ of the larva of L. Tethyse is, 
however, not nearly so highly developed as that of L. Lepto- 
clini. By comparing the development of the latter with that 

^ Sohmidt, in his aeoond paper (20), snggeBts that one of these pain may 
oonstitnte the '' Knospenst6<^e " or budding organs of the hura, identioal 
with the straotures described as snoh (probably erroneously) in the adult. 
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of certain other TrochospliereB (as described below), we obtain 
evidence that the history of the brain in L. Leptoclini is 
really archaic in its general features, and there hence appears 
to be little reason for hesitation in the assumption that the 
lams of both L. Tethye and L. pes are degenerate forms, in 
which the sense organs (eyes) and the brain have suffered 
retrogressive modifications. A similar change, though to a 
less marked extent, seems to have occurred in the larva of 
Pedicellina, which in this respect thus shows itself to be less 
primitive than that of L. Leptoclini. 

It has been suggested by Hatschek (14) that the dorsal 
organ becomes the first bud in Pedicellina, the first pair of 
buds in Loxosoma; in order to establish my view of its 
nature, it is necessary to examine the history of the metamor- 
phosis, to ascertain if the larva makes use of its dorsal 
organ as a budding region. This I find definitely to be not 
the case in L. Leptoclini, and the hypothesis of the nervous 
nature of the dorsal organ remains in consequence unshaken 
when the budding processes of the larva are studied. 

My method of obtaining free larve was to place a large 
number of L. Leptoclini growing on the Ascidian in a glass 
vessel, blackened in every part with the exception of a small 
window facing the light. On covering the top of the vessel 
with a piece of black paper, the larvae, as they were hatched, 
made their way to the only part of the glass whence any light 
was proceeding, and in this position they could be easily detected 
and captured. 

From various causes, and chiefly from the death and conse- 
quent putrefaction of the Leptoclinnm within a day or two 
from its removal from the sea, the number of the larvae which 
I succeeded in observing during the process of their metamor- 
phosis was very small. In no single case did I observe any 
permanent fixation of the larva, but the method of the fixation, 
if this really takes place normally, is perhaps not of very great 
importance. If, as is probable, the normal resting-place of 
the larva is on the surface of the Leptoclinum which bears 
the adult individuals, the dying condition of the Ascidian in 
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captivity is safficient to account for the refasal of the larvn to 
attach themselves. 

M7 observations on the metamorphosis of L. Leptoclini 
are exceedingly incomplete^ but they have been sufficiently 
successful to demonstrate that the free larva may produce a 
pair of buds (fig. 55, b), although I am unable to say whether 
the budding takes place normally during a free life, or as a 
general rule only after fixation. In the most successful expe- 
riment, four larvae were kept alive and apparently healthy for 
four days after the commencement of their free existence. 
They had produced buds considerably older than those repre- 
sented in fig. 55, although, as in the adult, they were unequally 
developed on the two sides of the body. The old^ one of each 
larva was more elongated than those of the figure, and was 
somewhat pear shaped, being attached by its narrow end. 

At its free end was an elongated slit, the opening into the 
vestibule, and these, the oldest larval buds observed, had exactly 
the appearance of those normally developed on the adults soon 
after the opening into the vestibule is a longitudinal slit on the 
anterior side. As I was not aware that I should fail in rearing 
larvae a second time to the same age, I neglected to kill any of 
the four-day larvae, which twenty-four hours later were found 
dead and disorganised. There could not, however, be the 
slightest doubt that the two structures described above were 
really correctly identified, and the larva of L. Leptoclini 
at any rate may be stated to produce a pair of buds in a position 
corresponding to that of the budding regions of the adult. 
The probability that this would be found to be the case had 
already been indicated by Hatschek, who made this suggestion 
on the hypothesis that the dorsal organ was the budding 
region. In my four-day larvae, however, this structure showed 
not the slightest change from its condition at the commence- 
ment of the free existence ; the position of the head was still 
continually varied for convenience of vision (this region of the 
body being exceedingly moveable), and the cilia in connection 
with the dorsal organ, like those of the epistome and ciliary 
ring, were working vigorously. 
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Fig. 65 represents a larva after a free existence of about 
twenty-fonr hours ; the animal is seen from the ventral side, 
the ciliated ring being completely retracted into the vestibule^ 
the narrowed opening of which is seen in the centre {va). By 
careful focussing could be made out the ciliary movements of 
the oesophagus and rectum, not indicated in the figure. The 
head or dorsal organ with its two eyes is very conspicuous and 
has in no way been altered in appearance by the production of 
the buds, which are seen as a pair of round projections at the 
sides of the dorsal organ, and at a level intermediate between 
it and the edge of the retracted vestibule. This position of 
the buds having been observed, it at once became obvious what 
was the nature of certain cells which had been repeatedly 
seen in the more advanced embryos within the' brood pouch in 
exactly the position of the larval buds. These cells (fig. 57, b) 
form a group on each side, consisting of a small number of 
large rounded epiblastic cells lying at the sides of the brain, 
and between this organ and the ciliated ring. In larvae one 
or two days free they are found to be more numerous and form 
a considerable projection composed in the main of enlarged 
epiblast cells. In fig. 59, a horizontal section of a larva which 
had been free two days, one of the buds (&) is cut on the left 
side. It consists externally of a layer of very high epiblast 
cells. On the inner side of these cells occurs a large rounded 
mass which seems to contain only a single nucleus. This large 
cell in all probability belongs to the epiblast, which I have 
observed, from an examination of other larval buds, to give rise 
to a mass of cells which projects inwards, and no doubt 
eventually forms the lophophore and vestibule, in the same 
manner as in the buds developed by the adult. The section 
has passed through the eye of the opposite side, together with 
a portion of the corresponding half of the brain, and it is easy 
to see, from an inspection of this and other series of sections 
of larvae at the same or earlier stages, that the dorsal organ 
remains quite unaltered during the budding. 

In fig. 66 are represented two groups of cells {hst.), appa* 
rently developed from the sides of the stomach. In larvae 
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which have just become free occur two very conspicaoos lateral 
masses of large cells (figs. 50 and 51, hst.) lying between the 
epiblast and the stomachy and corresponding to those which 
seem to be originating in fig. 56. In larvas which have been 
free two days, the lumen of the stomach is almost completely 
atrophied (fig. 58, st.), although the oesophagus and intestine 
are much less altered. The figure represents the oesophagus at 
the point where it passes into the stomachy whose '' liver-cells'* 
are still recognisable (/.)• At the sides of the stomach are two 
masses of cells^ probably corresponding to those developing 
in fig. 56; that of the left side is seen to pass to the base of 
the bud, whose outer portion is just involved by the section. 
In the other sections passing through the same larva, no stomach 
lumen could be discovered^ but only a mass of cells (repre- 
sented in fig. 59), which fill up the whole of the central portions 
of the larva^ and which pass to the bases of the bud. These 
appearances, which are not confined to a single larva, have led 
me to form the following hypothesis of the budding processes^ 
in default of a complete series of actual observations. 

One of the earliest formed parts of the bud is the epiblastic 
thickening, which occurs long before the embryo is ready to 
become free, add during embryonic life consists of a small 
number of large granular cells. Almost at the same time are 
proliferated off from the sides of the stomach a pair of lateral 
wings of hypoblast cells, destined to take part in the budding. 
After the commencement of the free life these cells increase in 
number by subdivision^ new ones being at the same time 
formed from the walls of the stomach, which atrophies coinci- 
dently with their formation. The stomach is thus completely 
lost^ and is replaced by a large mass of cells filling up the centre 
of the larva. The epiblastic thickening meanwhile has grown 
inwards, and the bud forms a projecting rounded lobe of the 
body of the larva. The epiblastic portion forms the lopho- 
phore and vestibule^ the latter originating as a longitu^Unal 
slitj just as in the buds formed on the adult. The central mass 
of hypoblast cells is employed mainly as a food material 
during the development of the bud^ but son^e of these cells 
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applj themselves to the deep end of the lophophore^ and give 
rise to the stomach of the adult. I have one preparation of a 
larval bud^ which seems to show this application of a hypoblast 
cell to the end of the lophophore. 

The origin of the various organs in the buds developed on 
the adult has been a subject of much controversy. The bud 
commences as an ectodermic thickenings growing inwards to 
form the lophophore. It is very difficult to determine satis- 
factorily whether the endoderm develops from cells proliferated 
from the stomach or from the ectodermic thickening which 
occurs at the apex of the bud. According to most observers 
the latter is the case. Although at present I have been unable 
to satisfy myself on this point, it has seemed to me, on the 
whole, probable that in the adult the stomach does give rise to 
cells, which apply themselves to the end of the lophophore, and 
are destined to form the stomach of the bud. I have been 
unable to convince myself of the accuracy of Haddon's account 
(87), according to which the stomach at its earliest appearance 
is quite distinct from the lophophore. My own sections lead 
me to believe that the stomach is connected with the lopho- 
phore, even in its youngest condition, and that the only method 
by which it can have an endodermic origin is by the prolifera- 
tion of cells from the stomach, and by the application of these 
cells to the ectodermic part of the bud. The ectoderm and 
endoderm on this hypothesis become indistinguishable, so that 
at a later stage the stomach appears to be developed from part 
of the ectodermic thickening forming the lophophore. 

The most noteworthy features of the history of the larva to 
which it is necessary to call attention are (i) the fact that the 
dorsal organ takes no part in the budding, and (ii) the atrophy 
of the stomach after the commencement of the free larval 
existence. The latter fact probably indicates that the larva 
never becomes adult, but that it dies after the production of 
its buds. Although it is organised 6n a plan fundamentaUy 
similar to that of the adult there is still a very well-marked 
distinction between the anatomy of these two forms, and in the 
four daj^s durinj^ which X si^eceedecl in keeping some of my 
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larve alive there was not the slighest indication of the loss of 
any of the larval characters or of the approximation, in a single 
feature, to the adult condition. The (probable) fact that the 
larva does not become adult throws some light on the absence 
of the brain in the stalked Loxosoma, since we may assume 
that this organ has been inherited by the larva from a brain- 
possessing ancestor, but has been transmitted to none of the 
individuals produced by budding, and whose development 
cannot be regarded to any great extent as a recapitulation of 
the phytogeny of the Entoprocta. 

In experimenting with the larvae of L. Tethye and Pedi- 
cellina I have completely failed to obtain any indications of 
the processes of the metamorphosis. This is especially striking, 
since on one occasion larvae of the former were kept alive for 
as much as eight days after they were hatched ; at the end of 
this time they were still free-swimming, and, externally at any 
rate, showed no obvious indications of buds. 



Part 4. — On the Afpinitibs of the Poltsoa. 

The embryology of Dentalium has recently been inves- 
tigated in considerable detail by Kowalevsky (86) ; the agree- 
ment between this description and my own observations on 
Loxosoma is very striking, especially with reference to the 
nervous system. The alimentary canal of Eowalevsky's larva 
possesses the characteristic Trochosphere bend, whilst the 
mesoblast develops from a pair of pole-cells in the neighbonr- 
hood of the blastopore. The shell-gland appears dorsally at an 
early period (whilst the embryo is still a gastrula), and has 
at a certain stage the form of an involuted sac, whose similarity 
in Molluscs in general to the foot-gland of Loxosoma has 
already been pointed out by Lankester (8). In the anterior 
region of the embryo, in the middle of the velar area, originates 
a pair of separate epiblastic invaginations, the ''sincipital 
tubes '^ of Kowalevsky. These tubes grow backwards into the 
praeoral lobe for a considerable distance, ending blindly one on 
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each ride of the CBsophagns. Even at a late stage^ each poe- 
aesaea its own opening to the exterior^ although early in their 
development the two tabes become connected by a median 
bridge of subepithelial epiblast cells. Eventually their lumina 
disappear^ and they are either partially or completely converted 
into the nervous tissue of the brain^ Kowalevsky inclining to 
the latter hypothesis. The manner in which the median com- 
missure connecting the two halves of the ganglion is developed 
has not been satisfactorily followed. In the young Denta- 
lium the brain is a transversely elongated structure in front 
of the oesophagus^ consisting of a central fibrous core sur- 
rounded by ganglion-cells. The rimilarity between this 
ganglion and the brain of the larva of L. Leptoclini or the 
ganglion of the adult Loxosoma^ is so striking that I have 
reproduced Kowalevsky's fig. 92 in my own fig. 28 for com- 
parison with figs. 50 and 61 of the brain of the larva of 
L. Leptoclini^ and with fig. 16 of the ganglion (sub- 
(Esophageal) of the adult L. Tethyss. When it is remem- 
bered that neither of these organs inLoxosoma has hitherto 
received the interpretation suggested in this paper^ it will 
probably be admitted that the histological characters of the 
structure which is undoubtedly the brain of Dentalium^ 
confirm very strongly the view that the above-mentioned 
organs of Loxosoma are rimilarly nervous in character. 

The pedal ganglia of Dentalium develop as paired thicken- 
ings of the epiblast at the sides of the foot, not far behind the 
oesophagus. They originate quite independently of the cephalic 
ganglion, with which a secondary connection is established; 
and this, as Kowalevsky points out, is in all probability cha- 
racteristic of the development of the Mollusca in general.^ 

In both Loxosoma and Dentalium the brain originates 
by a process of invagination, the suboesophageal ganglia (pedal) 
as paired thickenings of the epiblast, and not, like the brain, 
as invaginations, whilst the connection between the two por- 

1 In the same way, in Lambricns trapezoides (Kleinenberg), the 
brain and ventral oord originate independently and become secondarily con- 
nected (Balfour, ' Comp. Emb./ vol. ii, p. 336). 
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tions of the nervoas system is secondarily established. The 
existeDce of two cephalic invaginations in Dentalium in no 
way impairs the comparison which has jnst been instituted 
between it and Loxosoma^ where a single invagination 
occurs. Nothing could show this more clearly than the 
manner in which the brain develops in some Pteropods 
(Hyaleacea)^ described by Fol; this may be explained by the 
quotation of a few lines from Balfour ('Comp. Emb./ i^ 
p. 227) : '' A disc-like area appears in the centre of the velum^ 
which soon becomes nearly divided into two halves. From 
each of these there is formed by invagination a small sack. 
The axes of invagination of the two sacks meet at an angle on 
the surface. The cavities of the sacks become obliterated ; 
the sacks themselves become detached from the surface, fuse 
in the middle line, and come to lie astride of the oesophagus.'' 
This mode of the development of the brain forms a most 
instructive transition from Dentalium to Loxosoma. In 
Dentalium the two halves of the brain are separate in- 
vaginations, extending inwards for a considerable distance 
parallel to the long axis of the embryo. In the Pteropods 
just described, the axes of invagination are iuclined to one 
another on the surCetce, their apertures being situated close 
together ; and by supposing the invagination in the latter case 
to encroach on the middle line, the two apertures would frise, 
and we should have precisely the same arrangement as that of 
Loxosoma represented in fig. 4*8. 

It seems to me that if we once admit the nervous nature of 
the parts which I have described as such in Loxosoma, the 
identification of the surfaces in the Entoprocta is no longer 
a matter of doubt. The dorsal organ, if a ganglion at all, 
must be supra-oesophageal, from its position, from the mode of 
its development, and from the fact that it is provided with 
paired eyes (doubtless true cephalic eyes inherited from an 
ancestor common to the Troohosphere group, and not 
accessory eyes like those developed on other parts of the body 
in many Ectoproctan larvse). 

Caldwell (84) has recently suggested a view of the body plan 
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of the Polyzoa^ based on an investigation of the metamor- 
phosis of Actinotrocha; he states that ''the dorsal surface 
in Polyzoa is indicated as in Phoronis by the line between 
mouth and anus/^ and gives the following explanation of his 
views on the larve : " The larvse of Brachiopoda and Polyzoa I 
regard as modified from the Trochosphsere by the earlier 
attainment of the relation of the ventral surface which in 
Phoronis is only accomplished during the metamorphosis/^ 
In Actinotrocha^ the larva of Phoronis^ the surfaces 
correspond to those of ordinary Trochospheres^ but their 
relations become much distorted by the formation (by invagi- 
nation) of a large ventral sac between mouth and anus^ 
subsequently everted as the " foot/' into which the alimentary 
canal passes. The Trochosphere bend of the alimentary 
tract is thereby exactiy reversed^ the " foot '' becoming the 
body in which the gut forms a U-shaped tube with a dorsal 
flexure. Caldwell's suggestion is that this dorsal flexure of 
the alimentary tract has become already acquired during the 
larval condition of Polyzoa and Brachiopoda. In the 
developmental history of Loxosoma^ however^ there is not 
the slightest trace of the existence of a flexure of the alimen- 
tary canal towards the dorsal surface. We have already 
compared the larva of Loxosoma with that of Dentalium^ 
an admitted Trochosphere; we have found that in both 
forms the mesoblast develops as two lateral masses near the 
surfiace containing the mouth and the anus. Further^ the 
comparison already instituted between the dorsal organ of 
Loxosoma and the brain of Dentalium^ between the sub- 
oesophageal ganglion of the former and the pedal ganglia of 
the latter, seems to leave no doubt that the dorsal organ of 
Loxosoma represents its prseoral lobe, and as such a part of 
the dorsal and not of the ventral surfi&ce. As an additional 
indication of the surfaces, I must insist on the position of the 
apertures of the nephridia between mouth and anus, and in 
front of the (supposed) suboesophageal ganglion. On Cald- 
well's hypothesis, we must regard the adult ganglion as the 
brain, and the curious result follows that the head-kidneys 
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open dorsallj on the pneoral lobe^ between the brain and the 
mouth ! 

Lankester (46 and 49) has adopted Caldwell's explanation of 
the Burfaces of the Polyzoa as the most probable which has 
been suggested; the buccal shield of Bhabdopleura> and 
therefore^ one maj conclude^ the large epistome of Loxo- 
soma^ being considered possibly a representative of the mantle 
area* 

Lankester's earlier opinion (7 and 8) on the relations of the 
surfaces of the Polyzoa is well known, the epistome being 
homologised with the foot, and the foot-gland with the shell- 
gland of Molluscs. This opinion has of course been re- 
nounced in accepting Caldwell's view of the Polyzoa. 

Balfour (28) has urged two difSculties against the view of 
the homology of the foot-gland (undoubtedly the same organ 
in both the adult and the larva of Loxosoma) with the 
MoUuscan shell-gland. These difficulties are— (i) the ciliation 
of the foot-gland of the larva; (ii) its relation to the velum. 
The sucker of the larva of the Entoprocta is not^ however, 
invariably ciliated ; it is indeed surrounded by a circlet of stiff 
hairs, probably tactile like the sense hairs of the adult Loxo- 
soma or of the larval Pedicellina; but it seems quite 
natural to suppose that special tactile organs would be advan- 
tageously localised in the neighbourhood of any apparatus 
commonly used for the temporary attachment of its possessor 
o foreign objects. The presence of these sensory hairs, quite 
similar to those occurring in other regions of the body, need in 
itself form no valid objection to Lankester's (former) view. 
The shell-gland of Mollusca is not used for attachment, and 
does not require a development of these tactile hairs. 

The objection which refers to the position of the velum 
appears to me of a more serious nature. The ciliated ring of 
Loxosoma has generally been regarded as homologous with 
the velum of Trochospheres, and on this supposition the 
ciliated furrow running along the inner border of the ring (in 
the larva of Loxosoma) and produced by means of the oral 
groove into the oesophagus, corre«ponds with the similar ciliated 
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area which Hatschek (17) finds to be invariably present behind 
the velum in Trochospheres. 

The shell-gland of Mollusca is commonly situated more 
posteriorly than the sucker of Folyzoa ; it is not impossible 
that if it were once used for purposes of temporary attachment, 
it would be most conveniently situated in the centre of the 
aboral surface^ in order to allow the cilia connected with the 
mouth to assume the position most favorable for nutritive 
purposes. The shell-gland might thus travel somewhat forward 
as a result of its new functioUi the dlia concerned in nutrition 
and locomotion alike becoming confined simultaneously to the 
ventral surface. 

Hatschek (17) has pointed out that in Polygordius the 
ciliary apparatus (velum and oral cilia) does not originate as 
a closed ring ; it appears first on the ventral side^ and subse- 
quently completes itself dorsally. This mode of development 
is also characteristic of some Qastropod Trochospheres, as 
shown by Bobretsky (48). Thus in the phylogenetic history 
of the Entoprocta, it is possible that when the sucker was 
situated more posteriorly, the velar ring was at first completed 
on its anterior side ; that as the sucker travelled forwards, it 
reached a point where it interrupted the velum dorsally ; and 
that finally, when it had arrived at a subcentral position, the 
posterior union of the two halves of the velum took place 
behind it, thereby increasing the efficiency of the nutritive 
dlia, when the animal was fixed. It is worth noting that in 
Dentalium, Eowalevsky (he. cit) describes the shell-gland 
as originating during the gastrula stage, whilst in Lozosoma 
the sucker similarly develops exceedingly early, and is func- 
tional whilst the brain, for instance, is still quite rudimentary. 
Although this early appearance of the sucker in Loxosoma 
may be merely due to the fact that it is an important embryonic 
organ, the period of its development, as well as its striking 
similarity to the young shell-gland of Mollusca, renders 
possible the view of its homology with the latter. The 
constancy of the occurrence of the shell-gland in larval Mol. 
lusca and of the sucker in embryos of Polyzoa (En to- 
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procta and Ectoprocta alike) indicates the probable pbjlo- 
genetic importance of these structures in the two groups. 

Both the MoUuscan foot and the Polyzoan epistome are 
ventral outgrowths of the bodj situated between mouth and 
anus^ and with each of these organs is connected a pair of 
subcBsophageal (pedal) ganglia. The foot in Gastropod 
Trochospheres (Bobretzky, No. 48) bears a striking resem- 
blance to the epistome of Loxosoma ; it forms a conspicuous 
prominence immediately behind the mouth (see fig. 106^ vol. i^ 
of Balfour's ' Comp. Embryology '). It is separated from a 
region bearing the anus by a deep transverse groove^ which on 
the supposition that the epistome represents the foot of Mol- 
lusca would correspond with the vestibular invaginations of 
the larval Loxosoma or with the median depression behind 
the epistome in the adult. 

Professor Lankester has kindly furnished me with a proof of 
his article ^' Polyzoa/' shortly to appear in the ' Encyclopeedia 
Britannica.' In considering the phylogeny of the dass^ Lan- 
kester has adopted the view that the Entoprocta do not in 
reality exhibit archaic characters, but that they have been 
derived from forms like Phoronis with a hippocrepian lopho- 
phore, a large coelom, and a dorsal flexure of the gut. There 
is, however, really no evidence that the circular Entoproctous 
lophophore is a special modification of the horse-shoe-shaped, 
and it appears to me more natural to consider it as replacing 
the larval ciliated band, which probably represents the similar 
structure in Trochospheres. My conclusions with regard to 
the surfaces of the larva are diametrically opposed to those of 
Lankester, and I must again refer to the characters of the 
nervous and excretory systems as indicating the relations of 
the Entoprocta to other animals. 

On the assumption that Loxosoma is not an archaic form, 
it is necessary to show that the complicated ontogeny of the 
Ectoprocta has been here replaced by a direct development, 
whereby the enigmatical larval organs of these forms have 
been lost. 

It appears to me, however, that the development of the 
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Entoprocta is not in reality direct. The larva^ it is true^ 
possesses many organs which have their homologues in the 
adult ; but I have abeady explained my reasons for believing 
that it does not itself become mature, and that the permanent 
individuals are produced indirectly by budding. Lankester's 
theory affords no explanation of the occurrence of the dorsal 
organ, a structure which is entirely confined to the larva. 

Hatschek (17) has exemplified by means of two diagrams" 
(p. 106) the homologies between a Fedicellina larva and that 
of an Annelid; he points out that the only difficulty in the 
comparison is the fact that the ''Scheitelplatte'' of the former 
has never been identified, although he suggests that this 
structure may be represented by the sucker. His diagram is, 
as I believe, perfectly correct in most of its essential features : — 
in the identification of the surfaces, in the relations of the 
parts of the alimentary canal, in the position of the ciliated 
ring, of the head-kidney, of the subcesophageal ganglion, and 
of the pole-cells of the mesoblast. The only characters in the 
diagram to which I take exception are (i) the identification of 
the sucker instead of the dorsal organ, as the '^ Scheitelplatte," 
or brain; and (ii) the opening of the nephridium into the body 
cavity by a ciliated funnel (which Hatschek supposed to be 
also the case in the Polygordius larva). 

Leaving entirely out of consideration the ciliated ring, the 
sucker or foot-gland, and the epistome, all of them structures 
whose homologies are uncertain, the Entoprocta, adult and 
larval, remain essentially modified Trochospheres. The 
existence of paired nephridia, corresponding to the head-kidney 
of Annelid larvn, their inner ends situated in the primary 
body cavity, and their external apertures in front of the 
suboBsophageal ganglion, seems to me of especial importance 
in the consideration of this view. The absence of anything 
corresponding to a ciliated funnel, opening into a secondary 
body cavity, is again of importance. The identity of the gut- 
flexure of the Entoprocta with that of Trochospheres has 
not been disproved by Caldwell, who has failed to bring 
forward a single argument against the ordinarily received view 
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of the surfaces of the Poljsoa, but has based his oondosion 
entirely on a study of Phoronis. When we add to these 
facts the position of the nerye*ganglia and of the pole-cells of 
the mesoblast, I consider that it is impossible to resist the 
conclusion that Phoronis in no way gives an explanation of 
the anatomy of the Polysoa. 

Before passing to a consideration of the lame of the 
Ectoprocta it will be necessary to examine the statements 
of Uljanin (5), van Beneden (1), and Barrois (13, 29, and 
83), with regard to the metamorphosis of Fedicellina. 
Uljanin's statements have already been shown by Barrois (18) 
to be based on the supposition that adult calyces fallen from 
their stalks were larvse which were commencing to undergo 
their metamorphosis. Van Beneden's account and those of 
Barrois differ in fundamental particulars, and although it is 
conceivable that there may really exist a great difference in the 
post-larval stages of various species, it is very possible that van 
Beneden's account is incorrect. According to this observer 
we have in Pedicellina a metamorphosis of the simplest 
kind; the larva fixes by its sucker, this extremity growing out 
into a stalk, and a cirdet of tentacles appears on the inner side 
of the dliated ring, which is subsequently atrophied. If this 
account is correct (and it is not impossible) the first individual 
of the colony is the fixed larva. 

Barrois^s account (38) of the post-larval changes (in the 
Entoprocta in general) is the following :-^i) The larva fixes 
by its oral face ; (ii) the vestibule sinks to the interior, and 
becomes divided into several portions : (a) an ^ inferior'' por- 
tion corresponding to the outer part of the vestibule, that car- 
rying the ciliated ring; this gives rise to the foot-gland, 
permanent in Loxosoma, temporary in Pedicellina; (b) a 
''superior'' portion^ the deeper part of the vestibule; and (c) 
a middle portion^ forming a mass of globules filling the stalk. 
The portion described as b remains attached to the alimentary 
tract, which twists round (the details of this process are not 
given), so that the concavity of its flexure is ultimately directed 
towards the free surface of the fixed larva instead of towards 
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the attached oral face^ as was previously the ease. The ecto- 
derm of the free surface (aboral of larva) now becomes 
thickened ('' labial thickening ^')^ and subsequently invaginated 
to meet the part of the vestibule connected with the reversed 
gut. Into this portion of the vestibule the labial " invagina- 
tion'' opens, and forms the outer part of the permanent ves- 
tibule. The oral fiace of the larva thus becomes the aboral side 
of the adult, and vice versd, and the foot-gland of the adnlt 
Loxosoma is not homologous with the sucker of its larva. 
The sucker and the dorsal organ are both clerived from the 
two primary layers of the embryo, but are simply larval sense 
organs of no morphological importance; they disappear after 
the metamorphosis. 

By comparing these somewhat remarkable statements with 
figs. 18, 14, and 15 of Fl. II of Barrois's earlier memoir (13), 
it has appeared to me possible to suggest an explanation of the 
" metamorphosis,'' at least as probable as that of Barrois him- 
self. I would suggest (1) that the post-larval changes consist 
in a process of budding ; (2) that the surfaces of the adult are 
in every way homologous with the similar surfaces of the larva, 
so that the foot-gland of the former (Loxosoma) is the 
actual homologue of the sucker of the latter; (8) that the 
" labial thickening" of the fixed larva is the epiblastic thicken 
ing which probably gives rise to the whole of the vestibular 
cavity of the first individual formed by budding ; (4) that the 
changes of the larval vestibule and alimentary tract described 
by Barrois consist in their atrophy, as in Loxosoma, de- 
scribed above, after the fixation, the hypoblastic cells of the 
alimentary tract probably giving rise to the stomach and 
other endodermic (?) tissues of the bud, as would seem to be 
the case according to Barrois's own description ; (5) that the 
sucker and the dorsal organ, like the other purely larval struc- 
tures, atrophy during the budding. 

If the post-larval changes are not to be regarded as a meta- 
morphosis, but as consisting in the production of a new indi- 
vidual, it is conceivable that the larva might just as well fix 
itself by its oral as by its aboral face, whereas, if it becomes 
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adult^ it is almost inconceivable that it should not attach itself 
by the end which bears the sucker. On the theory that the 
process is a mere metamorphosis, the fact that the larva should 
fix by its oral face, and that it should be thereby obliged to 
develope a new vestibule, mouth, and anus at its primitively 
aboral end, is an occurrence of the most extraordinary nature. 
The metamorphosis of a more or less bilaterally a symmetrical 
Echinoderm larva to the radiately-arranged adult form is not 
a parallel case. The sexually mature Pedicel lin a has pre- 
cisely the same general arrangement of its organs as its larva, 
whose most direct way to become adult would consist in the 
development of a stalk and budding stolon at the aboral end, 
with the possible atrophy of the dorsal organ. The whole life 
cycle of the Entoprocta appears to me to consist in a division 
of labour, leading to an alternation of generations ; the indi- 
viduals produced from the egg having given up the sexual 
function, but having retained many of the ancestral features 
which favour a free pelagic existence; the individuals produced 
by budding having, on the contrary, retained the generative 
function, but having acquired a sessile habit. The organisa- 
tion remains, however, fundamentally the same in larv» and 
adults alike, and both kinds of individuals are capable of the 
production of buds, one of the most characteristic features of 
the Polyzoa. Barrois' account probably shows that the larval 
Pedicellina produces a single bud instead of two, as in 
Loxosoma. Fl. II, fig. 14 (loc. cit.), represents a stage some 
time after the fixation. In this individual can be distinguished 
a disc of attachment, and connected with it a cylindrical body, 
at whose apex is a young vestibule with its tentacles. The 
proximal portion probably represents part of the larva, which 
is fixed by its oral face ; the larval organs have degenerated, 
but the bud is already well developed. The nature of this 
process is here less obvious than in Loxosoma owing to the 
absence of any constriction separating the bud from the larva. 
Of all the Ectoprocta, with the details of whose development 
we are acquainted, Cyphonautes, the larva of Membrani- 
pora, appears most easily comparable to that of the En to- 



Digitized by 



Googk 



STBUOTUEB AND DBVBLOPMBNT OP LOXOSOMA. 57 

procta. The most important feature of Cyphonautes is the 
fact that the alimentary canal is well developed in the larva ; 
broadly speakings it has the same arrangement as that of the 
Entoprocta, and is obviously functional during larval life^ 
as can be concluded from the presence of food particles in the 
stomachy as indicated by Bepiacho£f (27). In the paper just 
referred to, Repiachoff has given figures of Cyphonautes^ 
which I have been able to understand, partially at any rate, 
by means of a short description in the ' Zool. Anzeiger ' (22) 
(the longer paper is in Russian). It is pointed out in this 
paper that the ''bud'' described by Hatschek (14) in 
Cyphonautes consists of two parts :^ (i) an invagination, 
composed of columnar cells opening into the anterior side of the 
vestibule at its extreme ventral edge (fig. 24, zc) ; this portion 
is surrounded by a ring of cilia ; (ii) of a mass of cells, cor- 
responding to the '* Entodermknospe *^ described by Hatschek 
in Pedicellina, situated on the dorsal side of the invaginated 
part, and apparently (from another figure of Bepiacho£F's) 
giving rise to the first polypide of the colony. It appears to 
me not impossible, from this description, that the first part, 
the invaginated sac, corresponds to the epiblastic invagination 
which forms the dorsal organ of Loxosoma or Pedicellina. 
By reflecting the anterior portion of the body of an Ento- 
proctan larva into the vestibule, as Hatschek has suggested 
(although with a different identification of the dorsal organ), 
the aperture of the invagination might come to lie within the 
area of the latter, and the involuted sac {zc, fig. 24) may thus 
possibly represent the dorsal organ, which, instead of develop- 
ing to a functional ganglion, remains in its embryonic con- 
dition as a mere rudiment. The mass of cells between the sac 
zc in Cyphonautes and the sucker on the dorsal side of the 
larva, appears from Repiachoff's fig. 2 to be concerned in the 
larval budding ; and it is important to notice that in the figure 
it is in intimate connection with the epiblast of the anterior 
ventral portion of the vestibule, but not with that forming the 
1 See fig. 34, in which are reproduced the essential details of Repiachoff's 
Taf. i, fig. 1. 
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outer body wall of the lanra^ lending support to the view that 
the anterior portion of the body is here reflected into the 
vestibule. If^ therefore^ the iiivaginated sac corresponds to 
the brain of Loxosoma^ the budding regions in Cypho- 
nautes and Loxosoma will also correspond (by imagining 
an eyecsion of part of the vestibule in the former). In pro- 
ducing a single bud^ however^ Cyphonautes probably re- 
sembles the larval Pedicellina. 

From RepiachofPs account (18) of the development of 
Tendra zostericola^ one of the Cheilos^tomata^ it may 
be seen that the early processes are not unlike those of 
Loxosoma. At the morula stage there is a narrow blastocoel^ 
the cells of the dorsal side being smaller than those of the 
ventral side. The latter are now invaginatedj forming an 
archenteron^ which loses its connection with the exterior. The 
account of the development may from this point be carried on 
from No. 21 in the list of references^ aided by figures in the 
Russian paper already referred to. The epiblast thickens 
ventrally^ and is invaginated as the '^ Saugnapf '^ (shown in a 
later stage (r) in fig. 22, a reproduction of BepiachoflPs PI. ii^ 
fig. 6). In front of this '' sucker/' which must not be con- 
fused with the larval foot-gland^ appears a stomodeum which 
meets the archenteron^ and the latter gives off anteriorly at 
the point of union with the oesophagus, an outgrowth (hypo- 
blastic) which segments off as a mass of cells compared to 
Hatschek's '^ Entodermknospe.'' Just in front of the 
oesophagus is an invagination of the epiblast (fig. 22, x), pro- 
bably (as I conclude from the figure) corresponding to the 
invaginated sac of Cyphonautes; whilst dorsally occurs an 
epiblastic thickening (y) representing the foot-gland of the 
larval Loxosoma. 

If this account of Bepiachoff's is correct (it is doubted by 
Barrois, No. 28), it seems to me that it forms an important 
dueto ihestructure of Cyphonautes and of other Ectoproctan 
larvae. (I am unable to say what view Bepiachoff takes of the 
subject in his Bussian paper.) The explanation which I would 
suggest is the following. The curvature of the alimentary 
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canal is the same as in Loxosoma, the stomodsBum being 
homologous in the two cases; BepiachofiTs '' sucker'' (t;^ 
fig. 22) represents the yestibular invaginations of Lozosoma^ 
as has been pointed out by Barrois (88). The identity in 
general relations between these structures in Loxosoma 
after their median fusion (fig. 4&, v) and the ''sucker" of 
BepiachofiTs Tendra (fig. 22^ t^) is in fact very apparent. 

The hypoblast cells budded off from the front of the archen- 
teron represent^ on my yiew^ not Hatschek's dorsal orgaa^ 
but the cells which I believe to be proliferated from the larval 
stomach (long after the development of the dorsal organ) and 
to enter into the composition of the bud. The cephalic 
ganglion of Loxosoma would in this case be represented 
by the epiblastic invagination x of fig. 22^ the relations of 
this to the budding organ being possibly different from that of 
the same structure in Cyphonautes^ although this does not 
absolutely follow from the figure. 

Barrois (28)^ in describing the development of Lepralia 
unicornis (Cheilostomata)^ confirms BepiachofiTs account 
of the invagination of the archenteron^ and further calls 
attention to two lateral mesoblastic bands at the sides of the 
blastopore. In a subsequent paper on the metamorphosis of 
Ectoprocta (38), Barrois has suggested, as mentioned above, 
the homology of his '' internal sac/' BepiachofiTs " sucker/* 
previously described by Barrois himself (13) as ^* stomach/' 
with the vestibular invaginations of Entoprocta, although 
his identification of other parts appears to me unsatisfactory. 
During the metamorphosis, the larva is attached by the 
evagination of this " internal sac," and a complicated process 
takes place, resulting in the formation of the first polypide of 
the colony. From the organ described in Balfour's ^ Text- 
Book' as the ''ciliated disc/' and which one might suppose to 
correspond to the foot-gland of Loxosoma (this view is con- 
troverted by Barrois) develops an invagination which forms 
the polypide. The eversion of the "internal sac'' during 
fixation does not seem to me to preclude the possibility of its 
homology with the vestibular invaginations of Loxosoma; 
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the bud, as one may assume the young polypide to be (Barrois 
takes the view that it is not a budding process)^ in this case 
occupies a position which is by no means unlike that of the 
^young bud of Cyphonautes and of those of Loxosomaj 
that is to say, it occurs on the dorsal side of the ciliated ring. 
It is possible that in many Ectoprocta the dorsal organ^ and 
even the foot-gland^ may be completely lost at all stages of 
development, as if Barrois is correct in stating that the poly- 
pide (possibly only its tentacle sheath and the organs con- 
nected with it?) develops from the ''ciliated disc/' it is 
obvious that the latter cannot entirely correspond with the 
sucker of Loxosoma^ but must represent in addition part of 
the region situated more anteriorly in the latter. 

It seems to me that a consequence of the facts known with 
regard to the development of Membranipora and Tendra 
must be an inquiry as to the validity of the assumption that 
the Cheilostomata form the most modified of the groups of 
the Marine Polyzoa, a conclusion^ I believe^ based mainly on 
the characters of the aperture of the zooscium or " cell.'' 

It is now necessary to consider the possible relationships of 
the Polyzoa with Phoronis and the Brachiopoda. 

Caldwell has stated that " the identity of the Phoronis larva 
up to the formation of the nephridia^ and before the outgrowth 
of the anal region, with the Trochosphsere type of Hatschek 
is complete/' and as far as the larval characters go, I am ready 
to admit that there is probably a real affinity between Phoronis 
and the Polyzoa. From the commencement of the meta- 
morphosis of Actinotrocha^ however, it seems to me that 
every step taken towards the attainment of the adult condition 
is a step away from the Polyzoa. 

The permanent nephridium of Loxosoma is the head-kidney 
which forms a provisional excretory organ in Actinotrocha 
and other Trochospheres. Thus the adult Loxosoma, in 
the absence of the ''secondary body cavity" and of the 
ciliated funnel of the nephridium, and in the retention of the 
" primary body cavity " of the larva, has remained at a grade 
which is passed by Phoronis long before the adult coadition 
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is reached. The larval Fhoronis resembles Loxosoma in 
the possession of a ventral flexure of the alimentary canal^ the 
dorsal gut-flexure of the adult being entirely unrepresented in 
the Entoprocta. Thus the epistome of Folyzoa is ventral^ 
and the ganglion developed in its neighbourhood is to be homo- 
logised with the pedal ganglion of Molluscs rather than with 
the brain of Phoronis. 

The vascular system of Fhoronis is entirely unrepresented 
in the Entoprocta^ whilst the asymmetrical generative organs 
of the former difl'er markedly from the simple paired gonads 
of the Entoprocta. The four divisions of the alimentary 
canal, characteristic^ according to Caldwell, of Fhoronis and 
Brachiopoda alike, are not represented in the Folyzoa, 
whilst the nervous system, which in Fhoronis consists of a 
plexus of flbres and cells lying outside the basement membrane 
of the epidermis, and concentrated in certain definite regions, 
is in striking contrast with that of Loxosoma. It seems to me, 
in fact, that a comparison between the adult Fhoronis and 
Loxosoma is exceedingly difficult, whereas in many of the 
Trochosphere characters of the larvae it is easy to point to 
parallels in the two genera. 

It is not altogether impossible that the invagination occur- 
ring on the ventral side of Actinotrocha, and subsequently 
evaginated to form the foot or body of the adult Fhoronis, may 
be represented by the vestibular invaginations of Loxosoma. 
In the Ectoprocta, according to the researches of Barrels, 
fixation universally takes place by the evagination of the 
'^ internal sac'^ (the homologue of the vestibular invagina- 
tions). If instead of losing their stomach at an early period 
of development the Ectoproctan larvae retained this organ, 
and became adult, it would not be impossible for the gut to 
pass into the evaginated '^ internal sac,'' and thus to reverse its 
former curvature, as in the case of Fhoronis. I believe that 
the question of the relationship of the Folyzoa to the 
Brachiopoda can only be satisfactorily resolved by a re- 
newed study of the embryology of the latter. Caldwell has 
laid special stress on the resemblances between Prachiopoda 
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and Phoronis^ and if any affinity between the two does really 
existj it follows that the Brachiopoda are not totally unre- 
lated to the Folyzoa, although the question stiU remains 
whether the latter approach most closely the Trochospheres of 
Chsetopoda^ Mollusca^ Phoronis, or Brachiopoda. 
Judging by the descriptions we at present possess, the Bra- 
chiopod larva is much farther removed from the Trocho* 
spheral type than those of any of the other groups we have 
considered. If the points in which it differs from the typical 
Trochosphere are such as imply a real dissimilarity^ and are 
not merely secondary larval characters^ then it follows that the 
similarities between the Brachiopoda and the Polysoa have 
no phylogenetic significance. The character of the lopho- 
phore has always formed one of the main reasons for associat- 
ing together the Polyzoa and the Brachiopoda, and its 
arrangement in the form of a horse-shoe in Argiope (for 
instance) and the Phylactolsemata has usually been con- 
sidered a proof of the affinity of the two groups. If, however, 
the Phylactolsemata are not so primitive as the Ento- 
p root a, the hippocrepian character of their lophophore cannot 
be regarded as an archaic feature, but has been secondarily 
acquired. It seems to me, however, that a comparison between 
the developmental history of the Polyzoa and that of the 
Brachiopoda serves to show a considerable difference in the 
lophophores of the two groups. In Argiope (vide Oehlert 
and Deniker's abstract of Kowalevsky's Russian paper. No. 
40), after the mantle lobes have turned forward and the ten- 
tacles have begun to make their appearance, the young 
Brachiopod has a striking superficial resemblance to an adult 
Loxosoma. But by comparing the latter with its larva, we 
find that its lophophore replaces the larval ciliated ring, and 
that the head is outside the circlet of tentacles. In Argiope, 
however, the mantle lobes are developed entirely behind the 
cephalic segment which bears the eyes, and probably repre- 
sents the head, so that when they bend forwards after fixation, 
the part of the body bearing the eyes remains within the 
mantle cavity, a condition entirely different from that of 
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Loxosoma. The tentftcles of Argiope are formed from the 
dorsal lobe ci the mantle. The Brachiopod larra is stated not 
to possess the head-kidney so eharacteristic of ordinary Tro- 
chospheres.^ 

Shipley (41) after pointing ont the importance of the 
absence of the head-kidney in Brachiopoda, has come to the 
condnsion that there is no close relationship between these 
animals and the Polysoa^ and further that they are not 
nearly allied to Phoronis. My obsenrations do not warrant 
me in criticising Caldwell^s statements on this head^ although 
it does not appear to me improbable that the similarities 
between Brachiopod a and Phoronis may be superficial. 
The position of the cephalic segment with the eyes inside the 
mantle cayity during the metamorphosis of ArgiopCj seems, 
howeyer, to render Caldwell's view that the prssoral lobe in 
Brachiopoda persists in part as the epistome, as in Pho- 
ronis^ not impossible. 

Brooks' obseryations (16) on Lingula probably show that 
the larvse of this form are more easily reducible to the 
Trochosphere type than those of the hinged Brachiopods. 
It appears to me that the curvature of the alimentary canal of 
Lingula is the same as that of a Trochosphere, and 
consequently directed in the opposite direction to that of 
Phoronis. It is hardly necessary to criticise Brooks' remarks 
on the similarity between the larrss of Brachiopoda and 
Loxosoma, based, as they are, on what I rq^ard as an entirely 
mistaken yiew (due to Barrois) of the archetype from which 
the Polyzoan lary» are deriyable. 

One of the main difficulties in the comparison between the 
Polysoa and other forms is the great uncertainty of the rela- 
tionships of the P o 1 y z o a inter $e. Lankester (45) has adopted 
the yiew that Bhabdopleuraand the Phylactolnmata are 
allied to Phoronis and consequently are more archaic than 
theEntoprocta ; the main reason for this yiew is their posses- 
sion of a body cayity, a structure certainly not present in the 
Entoprocta in the same form. From the researches of 
> This Btatement probably requires further proof. 



Digitized by 



Googk 



64 SIDNET F. HABMEB. 

Caldwell on Phoronis, and of Hatschek on Poljgordius (17) 
and Echiurus (25)^ it appears possible that the ancestral 
Trochosphere-iike form was provided with a well-developed 
body cavity, a structure represented also in some MoUuscan 
Trochospheres. If this is the case, we must suppose that in 
most Trochospheres the formation of the body cavity has been 
postponed till after the commencement of the free existence. 
The Polyzoa are in this case probably descended from a 
Trochosphere-like organism^ in which a postponement of the 
formation of the body cavity had become normal. It is possible 
that the Entoprocta have never advanced beyond this stage, 
whereas the Ectoprocta, in other respects more modified, 
have retained the habit of developing a body cavity. That 
this is really the interpretation of the body cavity of the 
Ectoprocta appears to me, however, in the highest degree 
doubtful, and in no known Ectoproctan ontogeny does a 
coelom develop in the embryo by an enterocoel formation or 
by any means which can be considered a modification of this 
process, as in Actinotrocha. 

The larvae of the Ectoprocta are not provided, as far as is 
known, with a body cavity, a structure which appears first in 
the adult. In all probability the primary individual of the 
Ectoproctan colony is developed as a bud on the larva, and the 
wide difference in structure obtaining between the adult and 
the larva is quite comprehensible on this hypothesis. It 
seems to me that the body cavity of the Ectoprocta is a 
structure which is developed solely in relation with the adult 
condition, and that it is not directly comparable to that of 
other animals. The suggestion that the coelom of Ecto- 
procta is a space developed between gut and body wall for 
the purpose of permitting the retraction of the lophophore 
with its tentacles into the cavity of the zooecium appears to me 
not unreasonable. In the Oymnoleemata (see Vigelius 
No. 46) the body cavity is a space traversed by irregular 
strands of connective tissue, and is as a general rule lined 
neither on the side of the gut nor of the body wall by an 
epithelial layer (Flustra). In the Phylactolaemata, how- 
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ever (Nitsclie, 4)^ it is in many parts lined by a distinct 
ciliated epithelium. It is not impossible^ however^ to regard 
this as merely an advance on the condition found in Flustra, 
as the result of an increased differentiation of certain cells 
situated between body wall and gat, instead of supposing that 
it represents an archaic character, which we see in various 
stages of degeneration in other Poly zoa. On this hypothesis, 
the cilia would have arisen in order to provide a means for the 
circulation of the body fluids. Lankester has described a body 
cavity in Rhabdopleura, although it is far less pronounced 
than in the Oymnolsemata. The question arises, how far 
can Rhabdopleura and Cephalodiscus (35 and 49) be 
considered archaic forms ? In the characters of the budding 
processes, these genera show a very slight amount of complica- 
tion, Cephalodiscus being solitary, and producing paired 
buds from the end of the stalk, whilst the branching of Rhabdo- 
pleura is of a simple nature compared with that of many 
Ectoprocta. In certain features these forms are more 
modified than the Entoprocta; it is probable that the 
arrangement of their tentacles is less primitive than in Loxo- 
soma; the existence of a mesoblastic skeleton (wc/e Lankester) 
and the character of the tubarium are again features in advance 
of those of the Entoprocta. The occurrence of a pair of 
eyes in the adult Cephalodiscus is a fact of considerable 
interest ; the eyes are borne on an organ which is stated to be 
an ovary, and M'Intosh (35) suggests that this will be found to 
be the nature of the dorsal organ of the Entoprocta! In 
Rhabdopleura no retraction of the tentacles is possible, 
and the body cavity can hardly have the origin which has been 
suggested for that of the Ectoprocta. 

It will be difficult to determine the relation of Rhabdo- 
pleura to the other Poly zoa until we are able to learn 
something of the embryology of this form. 

As a result of the foregoing considerations, it appears to 
me that in order to understand correctly the phylogeny of the 
Polyzoa, we must derive the group from a Trochosphere- 
like organism, and that the Entoprocta have remained 
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permanently at a grade hardly higher than that of this 
hypothetical ancestor. Loxosoma shows itself the most 
primitive genus by the fact that it forms no colonies^ by the 
greater development of the brain in the larva^ and by the 
invariable presence of a foot-gland in the buds, if not in the 
adult. Bhabdopleu|raandCephalodiscus on the one hand^ 
and the Ectoprocta on the other, have probably branched 
off independently from the Entoproctan stem. In certain 
features the Gymnoleemata show themselves more archaic 
than the Phylactolsemata; this is perhaps the case with 
the " body cavity/' whilst embryology, as far as we under- 
stand the facts, seems certainly in favour of this hypothesis. 
The occurrence of statoblasts, as well as the great ^fferentia- 
tion of the funiculus, again prove that the Phylactolsemata 
are in some of their characters at least as much modified as 
the Gymnolsemata. In the structure of the nervous system, 
the former are, however, perhaps more archaic than the latter; 
in Alcyonella, Nitsche (4) describes a large euboesophageal 
ganglion sending off nerves to the lophophore, and connected 
in front of the oesophagus by a thin commissure containing, 
however, no ganglion cells. 

The similarity in many important features between Loxo- 
soma and a Molluscan larva has already been pointed out, 
and of all organisms with whose ontogeny we are acquainted, 
the MoUusca come nearest to the Polyzoa. The com- 
parison between the development of the brain and pedal 
ganglia in Dentalium and the Hyaleacea, and the same 
structures in Loxosoma, may again be called attention to. 
The ciliated ring of the Entoprocta is very probably the 
velum, and the foot-gland the shell-gland. Allman's sug- 
gestion that the buccal shield of Bhabdopleura (and hence 
the epistome of Loxosoma) may represent the mantle area 
of Lamellibranchs cannot be accepted^ if we are to identify 
the dorsal organ as the brain. If it is necessary to look for a 
mantle cavity in the Entoprocta, it seems to me that we 
may possibly find it in the vestibule. In this case the tentacles 
would represent, not gill filaments of Lamellibranchs, but 
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rather the tentacular structures developed at the edges of the 
mantle lobes in some of the latter. 

The Rotifer a ^ as has frequently been suggested^ in many 
points of their structure resemble the Polyzoa^ and more 
especially the Entoprocta: many of these similarities have 
already been indicated by the Hertwigs (81). Salensky (15) 
has drawn attention to the possible homology of the ''antennae ^' 
of Rotifers with the posterior sense organs of Loxosoma 
crassicauda. Histologically^ the resemblances between Ro- 
tifera and Entoprocta are striking : in the characters of 
their nervous system^ muscular fibres^ terminations of the 
excretory organs^ and so on. Perhaps the similarities between 
the two groups are less striking than those obtaining between 
the Entoprocta and the Trochosphere larvse of Molluscs 
and Chaetopods^ but the fact remains that the Rotifera and 
Polyzoa being alike groups which have persisted in the 
Trochosphere stage^ must necessarily show a considerable 
number of similarities to one another in various features. 

The affinity between the Polyzoa and the Brachiopoda 
is probably much less close than that between the former and 
the Rotifera and the Trochospheres of Mollusca and 
Chsetopoda, so that the association of the Polyzoa with 
the Brachiopoda as Molluscoidea appears to me un- 
natural, although I do not at all deny the possibility of 
certain affinities between these two groups. It is, further, not 
impossible that Phoronis may (through Actinotrocha) to 
a certain extent connect the Polyzoa with the Brachio- 
poda^ although not in the way that Caldwell supposed. 

SUMMABY OF RbBULTS. 

1. Species investigated : Loxosoma crassicauda, L. pes, 
L. singulare(?), L. Tethyse, and L. Leptoclini, new 
species. The last two alone were studied embryologically. 

2. The adult Loxosoma possesses a lai^e subcesophageal 
ganglion, dumb-bell-like in shape, hitherto described as some 
part of the generative apparatus. The ganglion is developed 
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from the ectodermic floor of the vestibule in the bud, and is 
connected with a well-developed system of peripheral nerves, 
ending in sense-cells bearing tactile hairs^ situated on various 
parts of the body. The adult has no supraoesophageal 
ganglion. 

8. The excretory organ (paired) probably begins with a 
flame-cell : it is composed of a few large perforated cells, 
their walls filled with greenish-yellow granules, and it opens 
into the vestibule by an aperture (on each side) between the 
ganglion and the cesophagus. The nephridia are completely 
homologous with the head-kidneys of Trochosphere larvae. 

4. No hermaphrodite individuals were discovered in any 
species of Lozosoma or Pedicellina. Previous statements 
as to the hermaphroditism of Loxosoma are partly due to 
an erroneous interpretation of the ganglion as the testes. It 
is by no means improbable, however, that the same individual 
develops ovaries and testes at different seasons. Schmidt's 
accounts of the generative organs are not correct. 

5. In L. Leptoclini and in P. echinata the ova are small, 
and the embryo is supplied with nutriment from the glandular 
epithelium of the brood-pouch. In L. Tethyse this is not 
the case, but the ovum is large, and during maturation 
devours various cells which play the part of a vitellarium. 

6. After the formation of the gastrula the blastopore pro- 
bably remains in the position of the anus, a stomadseum being 
formed anteriorly. The mesoblast arises mainly from two 
pole-cells situated at the sides of the blastopore. 

7. The ''dorsal organ'' is not hypoblastic in origin; it is 
formed first as a thickening, and then as an unpaired invagi- 
nation of epiblast. The invagination closes, a layer of fibres 
is formed on its deep side, and a pair of large eyes with well- 
developed lenses appears on the organ. The " dorsal organ'' 
is not a budding structure, but is the supra-cesophageal 
ganglion. 

8. Between mouth and anus is formed a pair of invagina- 
tions of epiblast, their cavities soon fusing medianly. These 
the ''vestibular invaginations," remain permanently open^ 
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thmr cavity widening. They form the deeper part of the 
vestibule, the suboesophageal ganglia arising as a pair of thick- 
enings of their floor. The wings of the crescent*shaped brain 
meet the suboesophageal ganglia at the sides of the oesophagus, 
thereby establishing a complete circumoesophageal nervous 
ring. 

9. After the commencement of the free life (L. Leptoclini) 
no fixation was observed ; the larva, however, developed a pair 
of buds similar to those of the adult. These buds are situated 
at the sides of the dorsal organ, but are quite distinct from it ; 
they are visible as epiblastic thickenings long before the 
embryo is ready to be hatched. 

10. The stomach, before the larva becomes free, seems to 
bud o£P paired lateral bands of cells (L. Leptoclini). During 
the free life these increase in number, and the cells of 
the stomach themselves divide up during an atrophy of its 
lumen. This, no doubt, indicates the approaching death of 
the larva, after the buds have reached maturity. Some of the 
hypoblast cells, whose origin has been just described, probably 
form the endodermic tissues of the bud. 

11. The Entoprocta, larval and adult, are true Troc ho - 
spheres, possessing a ventral flexure of the alimentary 
canal, no true body cavity^ and a pair of head-kidneys. 

12. The nervous system of Loxosoma develops in almost 
exactly the same manner as that of Dentalium, in which the 
brain arises by invagination (paired), the pedal ganglia as thick* 
enings of the epiblast; the connection between these two 
independently developed parts is secondarily set up as in 
Loxosoma. 

18. The metamorphosis of the Ectoprocta is to be re- 
garded as a process of budding. Cyphonautes and Tendra 
probably supply important evidence with regard to the 
derivation of the larvse of Ectoprocta from those of 
Entoprocta. 

14 The Entoprocta, being true Trochospheres, have certain 
affinities with Actinotrocha; there is every evidence that 
the direction of the gut-flexure dififers from that of .the adult 
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Phoronift, although it is identical with that of Actino- 
trocha. The line between month and anus is ventral in 
Polyzoa, but dorsal in Phoronis, 

15. The affinity of the Polyzoa to the Brachiopoda is 
probably more doubtful than to Phoronis, the larvse of the 
two groups differing in many important characters {e.g. the 
absence (?) of head-kidneys in the larval Brachiopod). 

16. The nearest allies of the Polyzoa {i.e. of the Ento- 
procta) are the Trochosphere lanm of MoUusca or 
Chffitopoda and the adult Botifera. 

17. The Entoprocta form the most archaic of the groups 
of the Polyzoa, their relations to the other forms being, 
however, somewhat doubtful. 

Note. — Fewkes (42) has recently described a new larva, 
belonging to an unknown adult, and regarded by him as being 
of great importance in forming a connecting link between 
Polyzoa and Annelids. In spite of the assertion of Fewkes 
that " there is no doubt that it is a larval Annelid,'' I venture 
to believe that it has no importance in the sense ascribed to it 
by the American zoologist, and that the animal in question is 
simply a very characteristic larval Loxosoma. The relations 
of the ciliated ring in Fewkes' larva are precisely those of the 
Entoprocta; there are two eyes, no doubt indicating the 
presence of a dorsal organ (whose cilia are described) ; the 
anus opens on an anal cone; the stomach has orange granules, 
the situation of the mouth not having been observed with com- 
plete certainty, although believed to occur just within the 
ciliary ring, which can be reflected over the oral face of the 
larva. 

These features, together with the figures given, leave no 
doubt in my mind that the larva described by Fewkes is merely 
that of a Loxosoma. 
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EXPLANATION OF PLATES XIX— XXI, 

lUustntting Mr. S. F. Harmer's Paper " On the Structure and 
Deyelopment of Loxosoma.^' 

B^ereitee ZeiUrs. 

ae. Cells at tbe apex of the vestibule in L. Leptoclini. qfy. Aperture 
of foot-gland, a^e. Aperture of gland-cell. al. Lateral expansion of foot. 
M. Anus. &. Bud. d/. Blastopore. 6i<?. BlastocoDl. ^. " Dorsal organ " 
(= Brain), ed. Ciliated duct of nephridium. er. Ciliated ring. et. Con- 
nective-tissue cell. etp. Large cells in tentacles of Pedicellina. cui. 
Cuticle, earn. External aperture of nephridium. e6p. Glandular epithelium 
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of brood pouch. eL Epithelial cell of eotoderm. em. Embryo, tp. Epiblast. 
ejui, Epistome. /. Foot. /6r, Fibrous part of brain (or " dorsal organ"). 
/p. Foot-gland, /ffd. " Duct ** of fooi-g^and. Ji. Fiagelluni of flame-cell. 
ffa. Ganglion of adult, ^ae. Ganglion -cell. ^as. Ganglion of posterior aenae 
organ of L. crassicauda. ^c,y^, and^^. Gland-cell, kti, Hypoblaatic 
outgrowth of stomach. Ayp, Hypoblast. L Parasitic Infusorian. iiti. Intes- 
tine. /. " Li?er-cells " of stomach. Ui. Lateral wing of stomach, m. 
Mouth, me. Mantle cavity, mes, Mesoblast. mm. Muscle-cell, n, Nudens. 
nv. Nerve, o. Eye. of. (Esophagus, oee. (Esophageal commissure, o^f. 
Oral groove, ot. Position of ovary or testis, av. Ovary, avd. Oviduct. 
p. External aperture of female generative organs, pm. Pole-cell of mesoblast. 
ps. Posterior sense organ of L. crassicauda. ree. Rectum, i. Suckw. 
ie. Sense-cell. tff. Position of suboesophageal ganglion of embryo, it. 
Stomach, itd, Stomodseum. t. Tentacle. iei. Testis, i^a. Tentacular 
ganglion, v. Vestibule, or vestibular invagination of embryo, va. Aperture 
of vestibule, vd. Vas deferens, vm. Vitelline membrane, vs, Vesieula 
seminalis. vt. Vitelline body in ovum, t. Junction of stomodaeum and 
meaenteron of embryo. 

PLATE XIX. 

Fig. 1.— Lozosoma crassicauda. Calyx, seen from the posterior side 
(living) to show the nervous system ; the cilia of the tentacles are not repre- 
sented. The figure is combined from numerous sketches of the different parts 
of the nervous system, made from living specimens or from glycerine prepara- 
tions. The individual represented has neither buds nor generative organs. 
it. Stomach, ^a, (Ganglion. A full explanation of the figure is given in the 
text. 

Fio. 2.— L. Leptoclini (new species). An entire animal* from the 
anterior side. 

Fig. 3.— L. crassicauda. The whole of the posterior ectoderm odls of 
the calyx, after treatment with silver nitrate, ps. One of the posterior sense 
organs. 

Fig. 4. — L. crassicauda. A posterior sense organ, after the action of 
silver nitrate, osmic acid, and picro-carmine. pi. is the actual sense cell, 
situated at the apex of a rounded papilla formed by three ordinary eotoderm 
cells. (From a nearly mature bud.) 

Fig. S.^Pedicellina echinata. A portion of a tentacle, from a pre- 
paration treated with osmic acid and picro-carmine and mounted in glycerine. 
The tentacle is seen in optical section, el, outer ectoderm of the tentacle. 

Fig. fi.^Loxosoma pes. A sense cell in connection with two ganglion- 
cells. (From a glycerine preparation.) 

Fig. 7. — ^L. crassicauda. A portion of the edge of the calyx (silver 
nitrate, osmic acid, and picro-carmine), showing the apertures {a^c) of the 
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g^d-cells, and two gaoglion-cells (ffoe.) in connection with their respective 
■ense cells (te.). 

Fig. 8.— L. crassieands. Put of the edge of the calyx (liTing) in 
optical section. 

Fie. 9.— >L. Tethyc. A portion of the stalk» from a glycerine prepara- 
tion, prerionsly treated with palladium chloride. The upper half of the Sgoit 
shows the ectoderm in surface Tiew, the lower half representing an optical 
section of one of the rows of cells. 

Fig. 10. — ^L. crassicauda. Gonnective-tiBsue cells, from the side of the 
stomach. (From a glycerine preparation.) 



PLATE XX. 

Fio. 11. — ^L. crassicauda. A median longitudinal section of an entire 
individual ; only the ventral end of the stalk is involved by the section, which 
passes through the whole of the alimentary canal, through the ganglion (j^a.), 
and two of the tectades (/.). At the base of each of the latter, on its outer 
side* is seen a small accumulation of nuclei (ectodermic), representing all that 
can be made out in the section of the crumpled edge of the vestibular fold, 
which during retraction of the tentacles completely encloses the vestibular 
cavity. The animal was killed, during extension of the tentacles, by boiling 
corrosive sublimate (a saturated solution in sea water). 

Fig. 13.— Fedicellina echinata. A horisontal section of a female con- 
taining embryos (m.) in the brood pouch, which is lined by a glandular 
epithelium (ebp.) thrown into numerous folds. The oesophagus («.) and 
intestine (m/.), the ganglion (ja,) and the ovaries (09.) with their ducts {avd,) 
are also represented. The figure was combined from two series of sections. 

Fig. 13. — ^Loiosoma Tethyn. A horicootai section through a male 
individual, killed with the tentacles extended in boiling sublimate. Ui. Testis. 
vd. Vas deferens, w. Vesioula senunalis. 

Fig. 14.— L. Tethyc. Horizontal section of a female, with tentacles 
retracted (the figure is combined). Ganglion (ffa.), ovaries (<w.), and oviducts 
(ovd.) are represented. In the left ovary is indicated the process of the 
absorption of several of the primordial ova by the developing ovum. In 
addition to this mode of nutrition, the ovum on each side is devouring a 
vitelline body (0/.). 

Fig. 15. — ^L. Leptoelini. An advanced bud in nearly median longitu* 
dinal section. The ganglion (ja,) is still in intimate connection with the 
vestibular diverticulum from which it has been formed. 

Fig. 16. — ^L. Tethy ae. A horizontal section of an adult, passing through 
the ganglion (^a.), the vesicula seminalis (m.), and the wide mouth (m.), 
opening into the vestibule {v.). Id this individual the testes appear to have 
atrophied, 
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Fio. 17. — ^L. craBficauda. A nephridium, in the living oondition, verr 
highly magnified (ZeisSf -^^ No. 5 eje-piece). The adnlt from which the 
figure is taken was in the same relative position as that represented in Fig. 3, 
and the nephridium corresponding to the right side of the figure was drawn ; 
the lower end of Fig. 17, containing the fiame-oell (Ji,) should lie on the 
ventral side of the stomach, the upper end (ean,) opening into the vestibule, 
the median plane of the entire animal being situated to the left of the figure. 

Fig. 18. — ^L. crassicauda. Horizontal section of an adult, through the 
epistone {epti.), the mouth (».}, and the bases of some of the tentacles (/.). 
Only the basal portion of the bud (6.) on the left side has been represented. 

Fig. 19. — L. crassicauda. Surface view of the foot-gland of a young 
bud, from a glycerine preparation. The constriction of the groove probably 
indicates the separation from one another of the "gland " and the " duct." 

Fig. 90. — ^L. Leptoolini. Transverse section through the middle region 
of the foot of an adult, al. Lateral expansions of the foot (cf. Fig. 8). 
/j^» The ** duet" of the foot-gland, in rcttlity an open groove. 

Fig. 21.-*L. Leptoclini. Obliquely longitudinal section through the 
foot, passii^^ Ihrough the '* gland " (^.), but missing the " duct." 

Fig. SS.— Tendra zostericola, copied from Repiachoff (97), plate ii, &g. 
5 (a median longitudinal section of an embryo). Probable explanation of 
Kepiachoff's letters: — o. Idonth. o. Vestibular invagination (cf. fig. 39). 
ff. Stomach, y. Sucker or foot^ghind. e. hypoblastie cells taking part in 
the formation of the first bud. s, dorsal organ (P) 

Fig. S3. — Den tali am. Transverse section of a young individual (oopied 
from Eowalevsky, No. 86 in the list of references, pi. viii, fig. 92). 6r. Brain. 
a, (esophagus, me. Mantle cavity. /. Foot 

Fig. 84. — Gyphonautes. An entire larva (slightly modified from Repia- 
choS, No. 37, plate i, fig. 1). Probable explanation of the lettering : — a. Vesti- 
bule, a. (Esophagus, y. Sucker. ^. Stomach (containing food particles), 
r. Rectum, ze. Dorsal organ (P). x. Epiblastic portion of young bud. 
e. Hypoblastie portion of the bud. 

PLATE XXI. 

With the exception of figs. 87 and 66^ all the figures represent actual 
sections illustrating the embryology of Loxosoma. Figs. 35—69 belong to 
L. Leptoclini; Figs. 60 — 68 to L. Tethyft. The sections are all drawn 
to the same scale^ with the exception of Figs. 64, and 66 — 69, which are more 
magnified. 

L. Leptoclini: 

Fig. 86.— Ovarian ovum. 

Fig. 86.— Two-oell stage. 
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Fio. 27.— Dnwn living, as seen through the waUs of the veatibale of the 
adult, vm. Vitelline membraae. 

Fie. 88. — ^A section of an embryo consisting of about eight cells. 

Fig. 89. — Blastosphere stage, die, Blastocoel. 

Fig. 30. — Commencement of the invagination; the blastoccel is abnost 
obliterated. 

Fig. 31.— The invagination has progressed to a considerable extent, but 
the blastocoel is much larger than in Fig. 30. 

Fig. 38. — A slightlj older embryo, pm. Pole-cell of the mesoblast. 

Fig. 38. — ^A similar stage, the section having missed the blastopore and the 
pole-cells. 

Fig. 84.— The invagination is here far advanced, the blastoccBl obliterated. 
The blastopore appears to be filled up by one of the pole-cells, which really 
however, lies in a somewhat deeper plane of the section. 

Fig. 35. — A nearly median longitudinal section of a stage after the forma- 
tion of the stomodsBum, whose position in a neighbouring section is indicated 
by the line m. The ventral gut flexure is already acquired ; at the posterior 
end are two mesoblast cells. 

Fig. 36. — ^Another section of the same embryo, v. is the commencement 
of one of the vestibular invaginations ; o^, is the oral groove. The cells 
which fill up part of the blastocoel belong in part to one of the lateral walls of 
the stomach. 

Fig. 37. — A more advanced embryo in median longitudinal section, z. 
Junction of stomodnnm and mesenteron. i. The sucker. 6r. The epiblastic 
thickening forming the dorsal organ or brain. 

Fig. 38. — A stage slightly farther advanced in development. The brain 
(dr.) consists of two layers of cells (neither this section nor Fig. 87 has passed 
through the intestine). 

Fig. 39.-^Obliquely longitudinal section of an older embryo,* cutting the 
oesophagus (<e.), stomach {si.), sucker («.), brain (dr.), and one of the vesti- 
bular invaginations (v.). 

Fig. 40.— More advanced than Fig. 39. The section passes at some dis- 
tance from the middle line, but parallel to the symmetrical plane of the 
embryo, o^. Oral groove, v. Vestibular invagination, br. One of the 
lateral wings of the brain (compare with fig. 46). si. Wall of the stomach. 
Mes. Mesoblastic band. The blastocoei contains in addition one or two meso- 
blast cells which in the section do not appear connected with the mesoblastic 
band. 

Fig. 41. — A somewhat similar section, passing obliquely in such a manner 
as to cut only the more ventral regions of the embryo, and thereby to avoid 
the stomach. The blastocosl contains numerous mesoblast ceUs. mm. is a 
mosde-oell, branched at one end. 

Fig. 48.— Another section of the same embryo avoiding the brain, vestibule, 
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and oesophagui, but eaiting the stomach. To show the irregnlar mesohiaat 
cells which occur in the blastocal. 

Fig. 43.— a homontal section, in age between Fig. 35 and Fig. 39. To 
show the appearance of the yestibolar invaginations (v,) soon after their 
first formation. 

Fio. 44. — ^A similar section of a much older embryo. The lumina of the 
vestibular invaginations are very conspicuous, er. Part of the ciliated ring. 

Fig. 46. — A horizontal section at a rather advanced stage. The vestibular 
invaginations have fused in the middle line. At the sides of the (esophagus 
are out parts of the ventral body wall (i. e. the lining of the oral grooves). 

Fig. 46. — A horizontal section, corresponding in age to Fig. 38. The brain 
(br,) is composed of two layers of cells, and has ahready grown into the 
blastocol, although at present it seems to possess no lumen. 

Fig. 47- — A horizontal section of an older embryo passing through the 
junction of the oesophagus and stomach and through the brain (br,), which 
possesses a wide lumen opening to the exterior, ebp. Glandular epithelium 
of the adult brood pouch (= placenta). The epiblast of the embryo is very 
thin, and in close contact with this epithelium. 

Fig. 48.— a similar section, showing the brain (^r.), somewhat further 
advanced. 

Fig. 49. — A horizontal section of an older brain still possessing a lumen, 
although on the deeper side of the invaginated cells has appeared a con- 
spicuous fibrous or commissural layer (Jbr,). 

Fig. 50.— a horizontal section, passing through the brain of a mature 
embryo, /br. Nerve-fibres of brain, kti, Hypoblastic cells proliferated from 
the stomach for the formation of the endoderm of the buds. 

Fig. 51.— The next section in the series to that drawn in Fig. 50. The 
fibrous layer of the brain is no longer present, but both eyes {o) are seen 
resting on the ganglion. On the right side of the section is taking place the 
proliferation of a hypoblast cell from the stomach. 

Fig. 52. — A perfectly median longitudinal section, of the same age as Fig. 
49, showing the whole alimentary tract ; the dorsal organ (br,) is still open to 
the exterior, whilst on its deep side has appeared the fibrous layer (Jbr, . 
s. Sucker, v. The epiblastic wall separating . the two vestibular invagina- 
tions, which have at present hardly commenced to fuse medianly. 

Fig. 58 — A somewhat earlier embryo, the section being slightly oblique. 
Letters as before. 

Fig. 54. — ^A horizontal section, slightly older than Fig. 48 (and in a some- 
what different plane), and, like Figs. 56 — 69, more highly magnified than other 
sections on this plate. On the left side is cut the lumen of the vestibular 
invagination, but on the right side only the cells forming its c»cal end. 
From each of the vestibular invaginations has grown forwards to meet the 
brain (br,) a mass of cells, forming the oesophageal commissurea (oee.). ig. 
Position of the suboesophageal ganglia. 
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Fio. 65. — ^Veutral yiew of a free larra which had been hatched about twenty- 
four hours (reduced from a sketch made of the living animal o. The eyes. 
b. The buds. va. The aperture of the yestibule, into which is retracted the 
whole of the ciliated ring. 

EiG. 66. — ^A horizontal section of an embryo of about the same age as 
fig. 49. 6r, Brain, o. Eyes, kit Hypoblastio outgrowths of the stomach, 
probably forming the endoderm of the lanral buds. (Drawn to the same scale 
as Fig. 64.) 

Fig. 67. — From k horizontal section of a mature embryo (unhatcfaed). 
b. The epiblastic thickening, destined to become a bud. (Magnified like 
Kg. 64.) 

Fie. 68.— Horizontal section of a larra which had been free for two days. 
0. Eye. br. Brain, /br. Its fibrous layer, b. The edge of one of the buds. 
a, (Esophagus. /. Remains of the " liYcr-oells " of the stomach, si. Lumen 
of stomach. The small stomach lumen represented is all that remains of the 
large space enclosed by the stomach walls in Fig. 60. In other sections of 
the same series the stomach is represented by a solid mass of cells. M, 
Lateral outgrowths of the stomach, passing to the base of the buds. (Magni- 
fied like Fig. 64.) 

Fie. 69. — Another section of the same larva, passing medianly through one 
of the buds (b,), o. Eye. br. Part of the brain. The centre of the larva is 
filled up by a mass of cells (fyp.) which have probably resulted from the sub- 
division of the cells of the stomach. 

Fig. 60.— L. Tethyae. A section through an embryo in the blastosphere 
stage, corresponding to Fig. 89 of L. Leptoclini, and magnified to the same 
extent. 

Fig. 61. — ^L. Tethys. Transverse section through a young gastrula. bl. 
Blastopore, pn. Pole-cells of mesoblast. 

Fig. 69 — L. Tethys. Longitudinal oblique section, at about the same 
stage as Fig. 38. «. (Esophagus, br. Brain. #. Sucker, si. Stomach. 
an. Position of the anus in a neighbouring section. The cilia represented 
probably belong to the retracted dilated ring. 



Digitized by 



Googk 



\ Digitized by VjOOQK 



Digitized by VjOOQLC 




Digitized by 



Googk 



- //.. . • Zu,,> - /^y.wr- /-■/- //. M^ 



•:?' 




•;or 


y 


-0 


-i'l 


^/^ 


\:^v 


\'=^ 






,■>.,- 













'I 

J 



9, O 



.^^■^v-. 



II). 



Digitized by 



Googk 



Digitized by 



Googk 



Digitized by 



Googk 











Hi, 

Digitized by 



Googk 



^-.^.. /, / ///- /.,/. //Li 












rp^i 







^, 






u/ 



'^S^' 






.»/'/ 




■-'■■i 



/I'-f^ 




Digitiifed by 



Googk 



Digitized by 



Googk 



Digitized by 



Googk 



?b. 



' • 






Ti. 



• t • # 



\.r 



hi 
30 



ef;i^-i ^/^'v^ '^'^^••^■^ 



•■(I 













Ofi 




■•'J.'.;^" 






:iO. 




U\ 




^^3^:1^,^*- 



41 






!.*•/ ' 






\ 



4? 







•j^ 



^. 



4.*) 









44 












rhp 



47. 



y ••<*T. • # - , 






s7 ^: 






Digitized by 



••1 



Googk 






w 






• 11 







^*. 



V- - •>' 



--«^' 



'^^^.i:^: 













• # 




•SG 







. C > 



.')'S. 




/>//^ 



■2x 



C' 



■.W-:-^ 



;q::^- 



60. 






(j1. 






6?. ^ 



Digitized by 



Googk 



Digitized by 



Googk 



Digitized by 



Googk 



ON 



THE LIFE-HISTOEY 



OF 



PEDICELLINA. 



BY 



SIDNEY F. HARMER, B.A., B.So., 

FILLOW OP king's COLLIGI, OIXBBIDGB, AKD OP TTKirBBSITY COLLBGB, 

LOBDON. 



Reprinted from ike * Quarterly Journal of Microscopical Science ^ for October^ 

1886. 



LONDON: 

PBIHTBD BY 

J. B. ADLAED, BABTHOLOMEW CLOSE. 

1886. 



Digitized by 



Googk 



Digitized by 



Googk 
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On the Life-History of Fedicellina. 

Sidney F* Harmer, B.A., B^Sc^ 

Fellow of King's College, Cambridge, and of Uniyersity College, London. 



With Plates XXI aud XXII. 



During the sammer of 1885^ spent in Rocquaine Bay^ 
Guernsey^ I succeeded in obtaining material for the study of 
the metamorphosis of Fedicellina echinata^ a form which 
occurs in great abundance (in Rocquaine Bay) on Coralline 
growing under the shade of other seaweeds in tide-pools. 

The larvse of Fedicellina invariably refused to fix them- 
selves when kept in a small quantity of water^ and I therefore 
ultimately adopted the following method for procuring the 
various stages necessary for the investigation. 

Adult colonies were placed^ after the removal of all super- 
fluous parts of the Coralline on which they were growing, in a 
small vessel^ the mouth of which was closed by a piece of linen. 
The vessel was then left for a day or more in a tide-pool^ after 
which a careful search (with the aid of a low power) over the 
Coralline was generally rewarded by the discovery of several 
young Fedicellina^ which had resulted from larvss hatched in 
the tide-pool^ and which^ owing to their inability to escape 
from the vessel in which they were confined^ had been obliged 
to fix on the Coralline. After preservation with corrosive 
sublimate and decalcification of the Alga^ sections were easily 
prepared. In this manner^ I succeeded in obtaining numerous 
individuals of various ages^ fixed under perfectly normal con- 
ditions. 
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My study of the metamorphosis of Pedicellina has led me 
in the main to a complete confirmation of the account already 
given by Barrois (No. 3)^ and summarized on pp. 812 and 813 
of my previous paper on Loxosoma (No. 4), where I have 
ventured on a criticism of Barrois' conclusions which I do not 
find to be justified by my own investigation of the subject. 
In opposition to my previous opinion^ I must now conclude 
that the post-larval changes consist in a remarkable metamor- 
phosis^ and that the first bud is formed after the primary 
individual has acquired its adult characters. Barrois has 
published no figures illustrative of his statements^ the actual 
details of the process being difficult to understand from his 
very short description^ whilst the morphological nature of the 
changes remains entirely obscure. The subject appears to me, 
therefore, to deserve further consideration. 

The structure of the larva is well known from the researches 
of Hatschek,^ and it will be unnecessary to describe it in more 
than a few of its details. 

In the swimming attitude of the larva, the ciliated ring is 
everted to the exterior, whilst from the oral face project two 
prominent structures ; — the epistome, with its tuft of long cilia, 
and the anal cone, on which opens the anus. During the re- 
tracted condition, however, the ciliated ring is reflected to the 
interior of the large vestibular cavity, whose outer walls are 
formed by the fold of skin which bears the ciliated ring itself 
(cf. PI. XXI, fig. 1). The floor of the vestibule is constituted 
by the ventral or oral surface of the larva, being specially de- 
pressed between the base of the epistome and the anal cone, 
and at the sides of the latter. 

As Barrois has correctly stated, fixation takes place by the 
oral surface, the larva being meanwhile in its '^ retracted '^ condi- 
tion. PL XXI, fig. 1, a median longitudinal section, will 
serve to illustrate the method of fixation. It will be noticed 
that the long axis of the stomach is approximately parallel 
to the surface of attachment. 

^ Fide the stiinmary of Hatschek's results in Balfour, * Gomp. Emb./ ?oL 
i, pp. 242—246. 
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Fi^. 3 represents a horizontal section of a larva not long 
after its fixation : the occurrence of brain (= '* dorsal organ," 
9. No. 4), oesophagus, and rectum in the figure sufficiently de- 
fines the level of the section. The epistome is cut in the region 
of its greatest thickness, whilst at the summit of the anal 
cone is seen the depression into which opens the anus. By 
comparing this with fig. 1, it will be observed that the anus 
has already altered its position, since it is now directed some- 
what forwards, the rectum being more nearly parallel to the 
stomach than before. The cells of the vestibular epithelium 
are very high at the sides of the anal cone, and are character- 
ized by the special readiness with which they take up colouring 
matters. 

Fig. 5 represents a horizontal section through the apices of 
the epistome and anal cone of another individual of the same 
age. The epistome is here seen to be continuous, at each side^ 
with a fold of vestibular epithelium; epistome and folds 
together forming (as seen in this section) a horseshoe-shaped 
ridge partially embracing the sides of the anal cone, in which 
region the two lateral folds become evanescent. The result of 
this arrangement is the formation of a somewhat deep ciliated 
groove {o.ff.) running round the greater part of the vestibule, 
and passing in front into the transversely elongated, funnel- 
shaped mouth. Posteriorly, however, owing to the disappear- 
ance of the lateral folds, the oral grooves fade away at the 
sides of the anus, where vestibule and oral grooves conse« 
quently appear continuous in such a section as that representC'' 
in fig. 5. The relations of these structures will become more 
clear on reference to fig. 4, a larva somewhat older than those 
previously described^ the section passing transversely through 
the region of the anal cone, in the plane a b in fig. 1. At the 
sides of the anal cone are the two lateral portions of the vesti- 
bule (/. r.), these structures being separated from the oral 
grooves by the folds already mentioned. In the more anterior 
sections of the series, the lateral folds become continuous with 
the epistome, and the oral grooves with the mouth. Further 
back, on the contrary^ the folds become lower, and finally dis~ 
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appear^ so that the oral grooves are not distinguishable in the 
post-anal region of the vestibule. The above description^ 
together with a reference to fig. 5, will thus show that the deep 
post-anal groove (m. v.) of fig. 1 is continuous equally with the 
oral grooves and with the general vestibular cavity. For 
further clearness^ dotted lines in the same figure indicate the 
position and relations of the right lateral fold as it would appear 
by looking at the wall of the vestibule from the inside of the 
latter. The relations of half of the ciliated ring and of the 
right oral groove are also shown in the figure. 

Fig. 2 represents a longitudinal section of a recently-fixed 
larva^ passing in the direction of the line c d in figs. 8 and 4. 
One of the lateral folds^ owing to its projection inwards into 
the vestibule, separates the latter into two portions, containing 
respectively the mouth (and oral groove) and part of the epis- 
tome. The latter portion obviously corresponds to one of the 
lateral regions of the vestibule (/. r.) in fig. 8. Fig. 2 further 
explains the continuity of the tip of the epistome with the 
lateral folds (cf. figs. 1 and 5). In more median sections of 
the same series the latter are not seen, the epistome being per- 
fectly free at its apex, whilst the separation of the vestibular 
cavity into two parts is not apparent. 

A considerable portion of the base of the epistome and of 
the sides of the anal cone is formed of a remarkable tissue, 
composed of large cells, with transparent contents, hardly 
staining with colouring matters (fig. 2, x). The nature of 
this tissue (which atrophies during the metamorphosis) is 
unknown to me. 

The revolution (about to be described) of the alimentary 
canal was obviously well understood by Barrois, although I 
did not formerly succeed in making out his exceedingly con- 
cise statements on this head. 

Figs. 8 and 9 represent two sections of an obliquely longitu- 
dinal series through a more advanced stage. Fig. 9 involves 
the rectum, whilst fig. 8 shows the mouth and oesophagus. In 
the latter figure is seen one of the deep portions of the vesti- 
bule lying at the sides of the rectum, which is itself of course 
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not visible. The dorsal organ and the sucker have both dep;e- 
nerated^ and are represented merely by the ''globules'^ de- 
scribed by Barrois in various parts of the larva after its 
metamorphosis. These '^ globules'' are rounded nucleated 
cells, which do not stain readily with reagents, their general 
form being shown in fig. 8, &c. 

It is obvious, from an inspection of the two sections figured, 
that the stomach has now taken up a position inclined to the 
surface of attachment, the concavity of the alimentary canal 
being directed somewhat backwards. 

Remarkable changes, already described in part by Barrois, 
have by this time occurred.^ 

Fig. 9 shows that the aperture of the vestibule has closed, 
BO that this cavity has no longer any communication with the 
exterior. The vestibule is partially divided into three por- 
tions, which do not, however, quite correspond with those 
described by Barrois. The most ventral portion (v. v. in 
fig. 9) corresponds to the region near the previous vestibular 
aperture, and is destined to atrophy completely. The next 
portion (v. or,) is in connection with the mouth (fig. 8), whilst 
the most dorsal portion (v. an.) contains the anal cone, and is 
at this stage and later the largest and most important part of 
the vestibule. The second or oral division still communicates 
with the ventral portion, whilst it is almost separated from the 
dorsal or anal division by the growth of the epistome and of 
the lateral folds. 

In another section of the series it is seen that the oral and 
anal divisions of the vestibule still communicate by a small 
aperture, as in the diagram, fig. 16 (a. v. v.). 

The anal portion of the vestibule is very large, and is grow- 
ing, at the previously posterior end of the larva, away from 
the surface of attachment. The cells lining this part of the 
vestibule are obviously engaged in active growth and multi- 

' The following statements will be more readily understood with the 
assistance of PL XXII, fig. 16, representing in a diagrammatic form a 
median longitudinal section through an individual of the same age as figs. 
8 and 9. 
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plication, their protoplasm being finely granular and staining 
readily with colouring matters. The backward growth of the 
yestibule occurs first in the regions at the two sides of the anal 
cone (cf. fig. 3), but soon extends to the median portion be- 
hind the cone (fig. 9), so that this part of the vestibule grows 
towards the firee end of the fixed larra, during the rotation of 
the alimentary canal, as a single actively extending diverticu- 
lum, in which the primary differentiation of median and lateral 
regions is no longer marked. 

Fig. 6 will serve to explain more clearly the relations of the 
oral grooves and neighbouring structures at a stage very slightly 
earlier than that of figs. 8 and 9. The section passes in a direc- 
tion corresponding to the line k l in fig. 16, and consequently 
involves the apex of the epistome, the lateral folds, and the 
oral grooves. The anal cone, visible in fig. 5, is, of course, not 
involved by the section, which in other respects differs from the 
former figure mainly in the facts that the diameter of this por- 
tion of the vestibule has become lessened, and that by the par- 
tial rotation of the alimentary canal the apex of the epistome 
has come nearly into contact with the posterior wall of the 
vestibule (the manner in which this happens will be understood 
by comparing fig. 1 with fig. 16), the form of the lateral folds 
being at the same time altered (cf. fig. 6 with fig. 5). By this 
change of position of epistome and lateral folds, the oral and 
anal sections of the vestibule communicate merely by a com- 
paratively small round aperture. The oral grooves are no 
longer continuous posteriorly with the anal portion of the 
vestibule, although on the left side of the section at least, a trace 
of the former continuity is distinguishable. During later stages 
the growth of epistome and lateral folds completely separates 
the oral from the anal division of the vestibule, the aperture 
a, V, V. iu fig. 6 being gradually constricted until it finally 
disappears. 

At the stage of figs. 8 and 9 a considerable amount of his- 
tolysis is taking place. This process affects specially the 
stomach, the epistome, the anal cone, and the ventral portion 
of the vestibule. Iu the case of the stomach, portions of the 
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epithelial cells and some of their nuclei pass bodily into the 
lumen of the organ (cf. figs. 8 and 9)^ where they are found 
quite free at later stages. The more projecting parts of the 
epistome and of the anal cone lose most of their component 
cells. The cilia of the latter become indistinct, the cell- sub- 
stance itself obviously degenerating (fig. 9). Ultimately ciliated 
portions of the cells are thrown off into the vestibule (figs. 9 
and 12), in which they can be discovered until a very late stage 
in the metamorphosis. They no doubt leave the vestibule 
either by the mouth or by the (adult) vestibular aperture, 
when the latter is formed. 

The histolysis of the ventral portion of the vestibule (fig. 9, 
f;. f;.) similarly results in the passage of fragments of cells into 
its own cavity. 

This process is again illustrated by fig. 12, a section passing 
in the plane of the line e f in fig. 9. The permanent vestibule 
is in this section (cf. fig. 16) completely separated from the 
degenerating portion, its lumen, like that of the latter, con- 
taining fragments of degenerating cells. 

The ventral division of the vestibule (v. v.) in fig. 9 occupies 
the position of the future stalk, and in later stages its cavity 
becomes more and more reduced until it finally atrophies. 
During this process, the cells previously found in its lumen 
disappear. In sections parallel to the plane of attachment the 
cavity (just before its atrophy) appears as a fine tube surrounded 
by a series of elongated cells radiating from it towards the 
body wall. It is very tempting to assume that these cells are 
phagocytes, engaged in the destruction of the vestibule. After 
the atrophy of the latter, its place is occupied by numerous 
''globules'' (fig. 10), which will themselves be replaced by 
ordinary connective-tissue corpuscles (fig. 13). 

The same assertion may be made of other parts of the 
'' primary body cavity,'' which is at the stage of fig. 9 almost 
completely filled with '' globules," resulting from the histolysis 
of the brain, the sucker, the tissue at the base of the epistome 
and anal cone, and other larval structures. When the primary 
individual is mature the ''globules" have disappeared, and are 
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replaced by a gelatinous matrix^ in which lie connectiTe-tissue 
corpuscles. Are we uot justified in assuming that the 
'^ globules'' are the active agents in the histolysis^ and that 
they are in fact typical phagocytes ? 

During the histolysis of portions of the anal cone, the latter 
structure itself becomes much depressed. This feature of the 
metamorphosis, although already obvious in fig. 9, may be 
further illustrated by means of fig. 7, a section passing in a 
plane corresponding to the line i j in fig. 16. 

Owing to the further depression (occurring at a slightly later 
stage) of the anal cone, the marked bilateral arrangement of 
this part of the vestibule is, in part at least, lost. At the stage 
of figs. 8 and 9, as can be easily seen from these figures them* 
selves, the posterior portion of the vestibule is no longer re- 
duced in the median plane to a small slit between anal cone 
and vestibular wall (as in fig. 1), but is, in this position also, 
a spacious cavity lined by a columnar epithelium (fig. 9). 

After the anal cone has reached the condition of the latter 
figure the vestibule, in sections parallel to the long axis of the 
stomach, will usually appear bounded posteriorly by a simple 
uniformly curved wall, whilst its cesophageal side is floored by 
the degenerating tissue of the epistome (fig. 7). In later 
stages, however, the well-developed epithelium of the sides of 
the vestibule extends inwards, so that the cavity is then en- 
tirely bounded by its permanent, partially regenerated epi- 
thelium. 

In the next stage represented very considerable changes 
have occurred, whereby the alimentary canal has taken up a 
position not unlike that which it will ultimately retain. 
Fig. 10 represents an actual section which passes in the median 
longitudinal plane of a larva at this stage. Whereas in 
fig. 16 the axis of the stomach is but slightly inclined to the 
surface of attachment, in the present instance it has assumed 
a position almost at right angles to this plane, and the con- 
cavity of the gut is now directed towards the primitively pos- 
terior end of the fixed larva. In the course of this rotation 
of the alimentary canal the vestibule, owing to atrophy of one 
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at least of the portions describeci in the last stage, has become 
somewhat simplified. All the more ventral regions (situ- 
ated in the neighbourhood of the surface of attachment) have 
completely disappeared, and in their place is found a mass of 
cells filling a cylindrical stalk, which obviously corresponds to 
that of the adult Fedicellina. The anal division of the ves- 
tibule has continued its backward growth and now lies almost 
at the free end of the young animal. At about this stage it 
acquires a secondary opening to the exterior on the side corre- 
sponding to the posterior surface of the larva. This opening 
is formed by a simple concrescence between the vestibular 
epithelium and the external ectoderm of the body, accompa- 
nied by a linear perforation formed at the point of junction 
of these two distinct portions of ectoderm. My sections have 
given me no indication of the occurrence of a '^ labial invagi- 
nation '' (Barrois, q. v.) placing the above portion of the ves- 
tibule in connection with the exterior. 

The character of the vestibular aperture, immediately after 
its formation, may be seen from fig. 11, a section passing in a 
plane corresponding to o h in fig. 10. The vestibular aperture, 
at the sides of which tentacles (/.) are already developing, is 
shown, by an examination of the remaining sections of the 
series, to have the form of a slit elongated in the direction of 
the median plane of the animal. Immediately before the for- 
mation of the aperture the vestibular epithelium would appear, 
in a section of this kind, quite unconnected with the external 
ectoderm, but already extending towards it in the form of a 
median groove, similar in appearance to the portion g. v, in 

fig. 11. 

The mouth in fig. 10 has, at first sight, the appearance of 
being closed. By a comparison, however, of fig. 10 with 
fig. 16, it would seem that the apex of the epistome is really 
represented (in the former) by the ectoderm closing the (per- 
manent) mouth, and it is thus probable that the commence* 
ment of the digestive tube in fig. 10 (t;. or.) is a part of the 
oral division of the vestibule. This impression is strongly 
confirmed by a section (not figured) similar to, but later than. 
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fig. 9. In the individaal referred to, the stalk portion of the 
vestibule is still present, but is small, and is connected with 
the oesophagus very much as in the diagram fig. 16 ; i. e. at 
some distance from the point where the apex of the epistome 
ultimately meets the vestibular wall. 

In somewhat later stages the permanent mouth is formed by 
the perforation of the septum between the two portions of the 
vestibule in fig. 10, and probably in the position of the aper- 
ture a. V. V. in fig. 16. 

In living individuals of the same age could usually be dis- 
covered a small projection of the surface of the body in the 
region marked ?s* in fig. 10. This represents the larval 
'^ sucker/' which, as Barrois has correctly stated, disappears 
during the metamorphosis. The region of the *' dorsal organ" 
or brain of the larva is doubtless indicated by the marked angle 
on the left side of the stalk of the individual just referred to. 
None of the previous histological peculiarities of the organ re- 
main at this stage, and it is in fact already almost impossible to 
distinguish with certainty its position. 

It appears to me that Barrois has suggested the real expla- 
nation of the metamorphosis of Fedicellina, although he has 
confined himself to one or two short statements, which are 
given without any indication of the manner in which they are 
to be interpreted. I quote below one or two passages from 
Barrois' note so many times referred to (3), the given quota- 
tions reproducing, so far as I am aware, the whole of Barrois' 
explanation of this complicated subject. 

(i) ''La premiere position" [corresponding, from the de- 
scription, with my own fig. 10] *' repr^sente un 6tat tout & 
fait analogue an Loxosoma, avec anus en haut et oesophage 
en has.'' 

(ii) " L'inffirieure'' [portion du vestibule] '* qui porte la 
couronne, et dont lea €l^ments viennent former la glande du 
pied.'' 

(iii) ''Les deux organes ^nigmatiques de I'exoderme" [i. e. 
sucker and dorsal organ] . . . . '^ ne sont, suivant moi, que 
des organes provisoires; tons deux sont rejet& sur la face 
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dorsale, oiL ils Bnissent par disparaitre^ peu k peu. Sans doute 
il faut voir^ dans les deux soies d^crites par Salensky sur la 
face dorsale da Loxosoma crassicauda, le reste deTorgane 
des sens anterieur^' [i. e. the dorsal organ] '^ qui^ d'apres mes 
reeherches^ vient oecuper cette place/' 

I have already (4) explained my reasons for the belief that 
the dorsal organ at any rate^ and perhaps the sucker^ are im- 
portant organs^ which throw considerable light upon the mor 
phology of the Folyzoa^ so that I cannot accept Barrois' con- 
clusion that these structures have no particular significance. 

It is obvious that^ however accurate Barrois' conclusions 
(quoted above) may be, they need further explanation. The 
similarity between larva and adult in the Entoprocta, even 
in the position of the buds in Loxosoma^ is so striking that 
some means of. comparing the two stages is necessary. I 
therefore suggest the following explanation of the relation 
between larva and adult. 

It does not seem to me that Caldwell's theory of the sur- 
faces of the Folyzoa receives any support from the metamor- 
phosis ofPedicellina. The short line between mouth and 
anus remains- unchanged throughout the metamorphosis, and 
in order to prove that it is not ventral, it still remains neces- 
sary to show that the dorsal organ of the larva is not a brain^ 
and that the larval surfaces do not correspond with those of a 
Trochosphere. 

Figs. 17 — 19 (PI. XXII) are diagrams representing a pos- 
sible explanation of the metamorphosis of the Entoprocta, 
but although founded on the history of Fedicellina, Loxo- 
soma is the form which is actually (hypothetically) repre- 
sented. 

Fig. 17 explains a possible conception of one of the earlier 
stages in the acquirement of the sessile habit by the free- 
swimming Folyzoon ancestors. The form is, however, to all 
intents and purposes, a Loxosoma larva, with brain^ sub- 
(Bsophageal ganglion (not discovered inFedicellina until a 
stage later than fig. 10), and a pair of buds, one of which is 
shown. I believe there are no authentic instances of the fixa- 
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tioD of a Folyzoon larva by any other than its oral surface, 
aud it may therefore be assumed that this method of fixation 
was acquired at a very early stage in the phylogeny of the 
group. Let us suppose^ however, that this "Archi-Loxo- 
soma/' on fixing itself by the edge of its vestibule, left an 
aperture (for the entrance of food), surrounded by the ciliated 
ring {vide fig. 17), leading from the exterior into the otherwise 
closed vestibule, and situated behind the anus. 

Subsequent development may be imagined to give rise to a 
form like fig. 18, in which the vestibular opening is an elon- 
gated slit, extending along the whole of the region formerly 
occupied by the posterior side, and still surrounded by the 
ciliated ring. The mouth, in order to obtain its food as con- 
veniently as possible, now faces the posterior side (of the 
former stage), and this has entailed a rotation of the entire 
alimentary canal, in the manner shown in fig. 18. 

By the growth of the proximal end of the Folyzoon^ the 
mouth would be thrust away from the point of support, and 
the animal might thereby obtain an advantage in procuring 
food by means of its ciliary currents. But during this process, 
the proximal portions of the ciliated ring would become far 
less efficient for obtaining food than the distal portions, and 
would tend to atrophy. The final result would be the acquire- 
ment of a form like fig. 19, representing in a very slightly 
diagrammatic form, an adult Loxosoma. The ciliated ring is 
here represented as consisting of two disconnected portions, cor- 
responding (1) to the ring of tentacles ; (2) to the foot-gland (cf. 
the second of Barrois' conclusions quoted on p. 248). The foot- 
gland has remained practically as an open groove, a series of 
ciliated tentacles having been developed round the margin of 
the permanent vestibule. 

The position of the buds in the larval Loxosoma appears at 
first sight fatal to the above hypothesis. That this larva does 
actually develop buds normally can hardly be doubted, since 
I have shown not only that these structures are developed 
twenty-four hours after hatching (which might, however, be an 
abnormal circumstance, due to the want of proper conditions 
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for fixation), but also that ectodermic thickenings, the com- 
mencements of the buds, are to be detected some time before 
the embryo is ready to leave the maternal vestibule, the possi- 
bility of the development having been influenced by abnormal 
conditions being here out of the question. 

In figs. 17, 18, and 10, the position of the dorsal organ is 
represented as not having been much altered during the rota- 
tion of the alimentary canal, which has, so to speak, been 
pulled through the loop formed by the dorsal organ and the 
somewhat hypothetical subcesophageal ganglion. Assuming for 
the moment this position for the dorsal organ, we find that 
throughout the metamorphosis the buds retain their original 
situation (in Loxosoma) between the dorsal organ and the 
ciliated ring, and that their position with regard to the oeso- 
phagus is practically the same as that which characterised them 
at their first appearance. 

Is there, however, any reason for believing that the position 
of the dorsal organ is correctly indicated in the diagrams ? It 
seems to me that this question must be answered in the affirma- 
tive. In the first place, the degenerating dorsal organ of 
Pedicellina does in reality occupy this position, and in the 
second place (vide No. 3 of Barrois' conclusions on p. 248), 
the circumoesophageal commissures may be represented by the 
strong ganglionated nerves passing from the ganglion to the 
''posterior sense-organs'' in L. crassicauda, as originally 
described by Salensky (see also No. 4, Fl. xix, fig. 1). Should 
the metamorphosis of Loxosoma be proved to bear out this 
suggestion of Barrois', we must assume either that the whole 
brain has atrophied, or that the adult possesses at most a small 
portion of the brain at the ends of the two widely separated 
oesophageal commissures. 

With regard to the actual metamorphosis of Pedicellina, 
I have to point out that I have not succeeded in demonstrating 
the presence either of oesophageal commissures or of a sub- 
oesophageal ganglion. The latter structure becomes distinct 
only at a stage later than fig. 10, and it then has the position 
which characterises the adult ganglion. 
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No. 1 of Barrois' conclasions quoted on p. 248, appears to 
me perfectly just. It is impossible in fact not to be struck 
with the great resemblance between the solitary Pedicellina 
shown in fig. 10 and an adult Loxosoma, and this similarity 
is quite conspicuous even at much later stages. The obliquity 
of the lophophore in Loxosoma is hence, on the view already 
explained, another of the archaic features of this genus, the 
lophophore having still a marked inclination to the '' anterior'' 
side of the animal (fig. 19). 

It is unfortunate that the metamorphosis of Loxosoma, 
which possesses a foot-gland, should be unknown, but we are 
able to make certain inferences from the phenomena of budding. 
Both vestibule and foot-gland originate as longitudinal groove- 
like invaginations of the ectoderm of the '' anterior " face of 
the bud. Fig. 15 is a reproduction of a drawing from Oscar 
Schmidt, in which the foot-gland is represented as originating 
from the two proximal cells of the ectoderm of the *' anterior '' 
side of the bud, and in which it is further seen that these cells 
are not in the least marked off from those which are taking 
part in the formation of the vestibule. The relations of lopho- 
phore and foot-gland in this figure are indeed exactly those of 
the ciliated ring in the diagram (fig. 18). 

The Metamorphosis of Pedicellina viewed in its 
relation to the above Hypothesis. 

I have no reason to believe that the position of the ciliated 
ring shown in fig 1 is in any way altered during the subsequent 
metamorphosis. This structure in all probability degenerates 
in situ. 

The ciliary apparatus of an ordinary Trochosphere is not, 
however, constituted entirely by the prseoral circlet. In the 
neighbourhood of the latter there occurs in Polygordius, 
e. g., (cf. Hatschek, No. 2) a series of smaller cilia forming a 
postoral circlet, whilst a third part of the apparatus is con- 
stituted by '' a ciliated groove running between the two ciliated 
rings, and prolonging itself into the ciliated mouth.'' This 



Digitized by 



Googk 



ON THE LIFfi-HlSTOBT OF PEDICfiLLINA. 258 

last portion is obviously represented in Fedicellinaby the 
ciliated oral grooves, continaous, as in Polygordius, with 
the month. The relations of these grooves during the meta- 
morphosis appear to me to deserve further consideration. 

We have found that the median postanal portion of the 
vestibule is continuous with the oral grooves, of which it may, 
indeed, be said to form a part. Acccording to Hatschek 
(1) it is, like other portions of the vestibule, lined by ciliated 
cells. 

If we are justified in assuming that the oral groove — a part 
of the typical Trochospheral ciliary apparatus — extends, poten- 
tially at least, from the mouth completely round the vestibule 
to the postanal region, it seems to me that considerable light 
is thrown on the metamorphosis. The morphological position 
of the oral groove will be in no way altered during the rotation 
of the alimentary canal, and in fig. 16 it will continue to pass 
from the mouth round the ab-anal side of the altered lateral 
folds to the median post-anal portion of the vestibule, even 
though it is no longer distinguishable in the persisting division 
of the latter structure. In figs. 16 and 6 we observe, however, 
the commencement of a separation of the oral groove into two 
parts— one continuous with, and becoming indistinguishable 
from, the ''oral'' section of the vestibule (t;. (n'. in fig. 16), and 
the other potentially passing from the free apex of the epistome 
in fig. 16 to the end of the reference line m. t;. in the same 
figure. The position of this latter portion will be the median 
line passing from a. v. v. to m.v. Owing to the fact that it 
is situated behind the anal cone it is, of course, unpaired (cf. 
fig. 5), and it appears to me that its situation may be very 
fairly considered to be represented by the linear groove which 
in fig. 11 has formed the permanent vestibular aperture. From 
the margins of this groove are developed the tentacles, which, 
if the above reasoning is legitimate, are formed from the region 
of the oral groove. 

The fact that the tentacles of the adult lophophore of the 
oral side are on the ab«anal side of the mouth appears to me 

2 
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to prove that the lophophore itself is developed from a mor- 
phologically prseoral portion of the oral groove. 

The relation between the velum proper and the oral cilia has 
become, in the Entoprocta, considerably complicated by the 
formation of a fold of integument (vestibular wall), carrying 
the former to some distance from the latter. When the 
Fedicellina larva attaches itself, the distance between the two 
structures becomes increased. The velar portion maintains its 
position at fixation, and soon atrophies ; the oral groove, on 
the contrary, growing away from the degenerated velum. Even 
during the phylogenetic history of the process we may suppose 
that the velum atrophied at fixation. This is par excellence 
a locomotive structure, and would be useless in an attached 
condition. The oral cilia would, however, continue (in the 
hypothetical stage of fig. 18) to convey food to the mouth, and 
the cells bearing them would, after a time, become prolonged 
into tentacles, by which their range of activity would be 
extended. 

During the abbreviated metamorphosis of Fedicellina it 
has hence resulted (if the above be true) that the velum takes 
no part in the change of position involved in the passage to the 
adult condition. 

Summarizing the above, I may express my conviction (1) 
that the metamorphosis of Fedicellina is a simple modifica- 
tion of a more archaic process, due to abbreviation of develop- 
ment, (2) that the oral groove persists in part as the adult 
lophophore, (8) that the vestibule closes at fixation, and under- 
goes the whole of its alterations in the interior of the larva, 
opening secondarily only when the adult condition is practi- 
cally attained. 

The adult form is reached by the elongation of the stalk of 
fig. 10, and by the replacement of its contained ^' globules " by 
characteristic connective-tissue and muscle-cells ; by the for- 
mation of a stolon and a diaphragm, and by various alterations 
in the calyx. The more important of these consist in the 
complete (or almost complete) loss of the obliquity of the 
lophophore, in the development of the permanent ganglion 



Digitized by 



Googk 



ON THE LIPB-HISTOEY OP PBDICELLINA. 256 

and generative organs (if these are formed in the primary 
individaal, as is probably the case) and in the complete forma- 
tion of the vestibular aperture and tentacles. I have made no 
special observations on most of the above points, although on 
the important question of the origin of the colony from the 
primary individual^ I am able to throw some light. 

In the first place^ it may be stated that adult colonies are 
by no means restricted to one growing point, as stated by 
Hatschek (1). Of very common occurrence is the develop- 
ment of two growing points, one at each end of the unbranched 
stolon: I have noticed this even before the formation of a 
single secondary calyx. A third growing point may be deve- 
loped as a lateral branch of the main stolon; the amount of 
branching is, however, always slight in P. echinata, and 
apparently in all cases the oesophagus of each calyx is on the 
side directed to the growing point to which this calyx properly 
belongs, as already indicated by Hatschek. 

The formation of the stolon is shown in fig. 13, a longi- 
tudinal section of the stalk of a completely developed but 
still solitary individual. The young stolon, which is cut 
medianly, is developed on the oesophageal side of the Pedicel- 
Una. The base of the stalk (which is alone represented) con- 
sists of a thick cuticle, underneath which occurs a layer of 
ectoderm, surrounding a gelatinous matrix in which lie con- 
nective-tissue and muscle-cells. The section, however, — an 
extremely good preparation — is contradictory to the theory of 
Hatschek, according to which the apex of the stolon is pro- 
vided with a hypoblastic vesicle derived from the dorsal organ, 
and engaged in the formation of the mid-gut of the secondary 
calyces. I may at once state that I have entirely failed to 
convince myself of the occurrence of any such vesicle, at any 
period, in the stolon, and I am forced to believe that Hatschek 
has been mistaken in assuming its existence. Neither in 
sections nor in entire specimens (whether living or treated 
with reagents) could I discover the slightest evidence of the 
presence of Hatschek's vesicle, although I have investigated 
both adult and young stolons in this^ connection. 
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It appears to me probable that the growing point of the 
stolon of Pedicellina {tfide fig. 13) consists solely of an ecto- 
dermic layer secreting a cuticle and of a mass of indifferent 
mesodermic connective-tissue cells, embedded in a structure- 
less jelly. If this is the case^ the only organ derived from the 
hypoblast of the embryo would appear to be the mesenteron of 
the primary individual^ all other parts of the colony being 
devoid of any derivatives of hypoblast cells. 

This conclusion can hardly be avoided unless we assume that 
some of the stellate cells of fig. 16 are really hypoblastic in 
nature, although indistinguishable from the mesoderm cells in 
their appearance. Owing to the nature of the process by 
which the dorsal organ degenerates, it is impossible to assert 
that some of its cells do not become amoeboid wandering cells 
which migrate into the growing point. It can, however, be 
safely stated that no hypoblastic vesicle is formed from the 
degenerating dorsal organ. It may further be pointed out that 
the conclusion arrived at on a previous occasion as to the 
nervous (epiblastic) nature of the dorsal organ, in Pedicellina 
as in Loxosoma, is in opposition to the view that this struc- 
ture plays any part in the budding. 

The well-known fact that calyces of Pedicellina may fall 
from their stalks, which thereupon develop new calyces, appears 
to me in direct contradiction to Hatschek's view of the bud- 
ding. The loss of the calyces is probably a normal, periodically 
occurring process, which is perhaps to be regarded as a means 
of rejuvenescence, and which is at least analogous to the forma- 
tion of the '' brown bodies '' in the Ect oprocta. It is exceed- 
ingly easy to discover individuals in healthy colonies in which 
the calyx has been lost, and a new ^' bud " (easily recognised 
by its small size and immature condition) is being developed 
just below the scar. Specimens kept in captivity seem inva- 
riably to lose their calyces if the quantity of water is not very 
large, the calyx falling off at the ^' diaphragm.'^ This struc- 
turcj which is merely a constriction at the base of the calyx, 
filled by a row of flat cells, is perhaps a special arrangement 
by which the calyx can break away from the stalk, without 
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injury to the latter. I have been nnable to show that calyces 
which have thus left their stalks are able to become the starting- 
points of fresh colonies. The specimens under observation have 
invariably died after a day or two^ even if kept in a tide-pool. 

Calyces formed at the scars produced in the manner above 
indicated, seem to me (from superficial examination of entire 
specimens) to develop in exactly the same manner as those 
produced at the true growing point. The occurrence of this 
phenomenon is undoubtedly adverse to Hatschek's theory of 
budding ; the whole of the stomach falls away with the calyx, 
whilst the existence of a plug of cells filling up the diaphragm 
appears to preclude the possibility of the migration of any 
cells derived from the stomach to the proximal side of the 
diaphragm. Unless, indeed, it is assumed that some of the 
'' connective-tissue " cells of the stalks as well as of the stolon 
are endodermic in nature, it must be concluded that none of 
the cells of the bud are descendants of any of the cells belong- 
ing to the embryonic hypoblast. 

With regard to the further history of the budding (whether 
at the growing point or at the apex of an old stalk) I have very 
little to say. The free end of the stolon (or stalk) before long 
develops an ectodermic invagination (fig. 14) destined to give 
rise to the lophophore and, according to my view, to the whole 
of the alimentary canal of the bud. The latter is from the 
first continuous with the lophophoral rudiment, and in other 
sections of the series to which fig. 14 belongs, the stomach and 
vestibular cavity are separated from one another by means of a 
septum. The latter does not, however, cut off the whole of 
the deepest part of the invagination, but, since it is not deve- 
loped in the position of the oesophagus the vestibule and stomach 
remain continuous with one another (as in fig. 14). By the 
formation of a diaphragm and by other processes already 
described by Hatschek, the bud attains its adult condition. 
The continuation of the stolon is formed by a lateral outgrowth 
from that region in the young bud which afterwards becomes 
the base of its stalk, precisely as in fig. 13 with the exception of 
the fact that the new growing point is formed long before the 
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bud i% iUelf matiure. It is worthy of remark that the yoang 
vestibular invagination does not occur accurately at the apex 
of the stolon, but on the side of the apex turned towards the 
growing point. In this respect it exactly agrees with the 
position of the vestibular invagination formed near the apex 
of a stalk which has lost its calyx, and again with that of the 
incompletely rotated vestibule in intermediate stages of the 
metamorphosis. It may indeed be said that the young 
vestibule of all the buds is inclined towards the growing point, 
and that in all cases it subsequently undergoes a rotation in 
the same direction (but to a less marked degree) as that occur- 
ing at the metamorphosis. 

The history of the Pedicellina-larva appears to me to point 
to the existence of a fixation-period in Loxosoma also. In 
this case, the buds observed by me in the larva of L. Lep to- 
ol ini would probably have to undergo a change of position, 
during the metamorphosis^ similar to that represented in figs. 
17 — 19. I am inclined to believe that the degeneration of the 
larval stomach observed in the same species, after a free life of 
one or two days, was abnormal, and was due to the absence of 
the conditions necessary for fixation. 

On the Nature of the "Brown Bodies'' of the 
Ectoprocta. 

The above statements with regard to the life-history of the 
Entoproctamay, perhaps, give some indication of the manner 
in which the "brown bodies'' of the Ectoprocta have origi- 
nated. There can probably be no longer any doubt whatever 
that these structures are degenerated polypides, which are 
subsequently replaced by. new ones budded off from the walls 
of the zocecia. 

In the metamorphosis of Pedicellina the purely larval 
organs degenerate and form a mass of cells, which subsequently 
become connective-tissue cells. The degeneration is here 
slight, and has not yet acquired sufScient importance to give 
rise to a characteristic " brown body." 
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Whilst in the adult Loxosoma nothing comparable to the 
formation of ''brown bodies'' is known, the adnlt Pedicel- 
lina has developed a special arrangement — the constriction at 
the base of the calyx — by which the latter may be lost without 
material injury to the remainder of the colony. 

In the adult Ectoprocta there seems to be the same 
necessity for the rejuvenescence of some of the organs^ but 
here the occurrence of A thick ectocyst, usually intimately con- 
nected with that of neighbouring individuals^ in general pre- 
vents the loss of any part of the body wall^asin Pedicellina. 
In some of the stoloniferous Ctenostomata, however^ the 
entire zooecium is deciduous. 

But even in Pedicellina one may almost speak of a 
''zooecium'' in the same sense as in the Ectoprocta. It is a 
well-known fact that septa occur at intervals across the stolon 
of Pedicellina, and in most cases are developed in such a 
manner that a piece of the stolon, connected with the base of 
each stalk, is cut off from the remainder of the stolon by a pair 
of symmetrically-placed septa. There are thus typically two 
septa between the bases of each two stalks, and stalk-bearing 
and stalkless sections of the stolon alternate regularly with one 
another. 

It is thus possible to consider stalk plus portion of stolon 
connected with it, the representative of a zocecium. The distal 
end of the zooecium is from time to time segmented off, carry- 
ing with it the whole of the alimentary apparatus, whilst a new 
polypide is developed within the remaining portion by a process 
of budding. By the formation of a new constriction the distal 
part of the zooecium — the calyx — becomes again differentiated 
from the proximal part — the stalk. 

In the Ectoprocta the occurrence of the same process is 
usually obviously impossible, and the polypide alone degenerates, 
forming a "brown body" which subsequently passes into the 
new stomach, and is ejected by the anus. The occurrence of 
this circumstance is already foreshadowed in two particulars in 
Pedicellina. We find^ in the first place, that a new polypide 
is actually budded off by the ectoderm of the zooecium at or 
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before the loss of the calyx; and, in the second place, that the 
tissues have already acquired, at the metamorphosis, the power 
of disposing of degenerated structures. 

In the Ectoprocta one may hence suppose that, owing 
to the inconvenience of losing a portion of the zocecium at each 
rejuvenescence, the new polypide is budded off near the pre- 
ceding one, instead of from an entirely different part of the 
zooecium^ as in Pedicellina (below the diaphragm). The 
degenerating alimentary canal and other structures are then 
worked up by the " Parenchymgewebe'^ (Yigelius), which has 
inherited this kind of power from the larval tissues, into the 
condition of a ''brown body,'' which passes into the new 
stomach, and reaches the exterior by means of the anus. 

In the development of the Ectoprocta an archenteron is 
formed, in a large number of cases at least. The embryo is, 
however, richly supplied with yolk ; it develops within the in- 
terior of the parent, and its alimentary canal is hence, in many 
cases, fiinctionless. 

At its metamorphosis this larva possesses no functional ali- 
mentary canal, and must hence form a new one. But since in 
its previous phylogenetic history our Polyzoon has acquired 
the power of developing new " polypides" from various parts 
of its ectoderm, a fresh gut could without difficulty be formed 
within the body wall of the metamorphosed larva; since the 
latter is now in the same condition as an adult zooecium whose 
polypide has just become a '' brown body.'' 

This, indeed, is what actually happens. The larva passes at 
once into the condition of a zooecium containing a " brown 
body," the remains of its larval organs. The complicated me- 
tamorphosis of Pedicellina has been given up, the larval 
structures now degenerating by the method employed during 
the atrophy of the polypides in adult individuals, and finally 
leaving the zooecium bypassing as the first ''brown body" 
into the alimentary tract of the primary polypide, and thence 
to the exterior. 

The metamorphosing Ectoproctan larva is probably in 
the same condition (irrespective of the difference pointed out 
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in the methods by which the alimentary canal is lost in the 
two cases) as the primary individnal of a Pedicellina colony 
would be immediately after the loss of its calyx^ supposing that 
it had not meanwhile developed a stolon and secondary 
calyces. 

Unless I am mistaken in my views with regard to the meta- 
morphosis of Pedicellina^ it appears to me necessary to con- 
clude that in the Entoprocta the ventral line of the body 
extends from a. v.^ in figs. 10 and 19^ down the right sides of 
the figures^ as far as a. v.^ The median dorsal line will in con- 
sequence be represented by the entire left sides from a. v.^ to 
a.v,^ These surfaces are most clearly expressed in the young 
Loxosoma bud, in which the whole of the surface turned 
away from the parent (characterised by the possession of ves- 
tibule and foot-gland) is ventral^ whilst the opposite surface of 
the bud is, conversely^ dorsal. 

I hope to be able before long to publish some account of the 
development and metamorphosis of the Ectoprocta. Till that 
time I prefer to withhold any further expression of opinion 
with regard to the surfaces and relations of the larvae of this 
group of the Polyzoa. 
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EXPLANATION OF PLATES XXI & XXII, 

Illustrating Mr. S. F. Harmer's Paper on " The Life-history 

of Pedicellina/' 

Be/erenee Leitert, 

an. Anus. an. c. Anal cone. a. p.* and a. 9.' Hypothetical morphologioallj 
anterior and posterior ends, respectiyely, of the vestibular aperture, a. t?. v. 
Aperture f^etween oral and anal divisions of vestibule (in position of permanent 
mouth), b. Bud. br. Brain (= "dorsal organ"), c, c. Fragments of 
ciliated cells, e, p. Ciliated pit of brain, e. r. Ciliated ring. d. «. Dorsal 
sense-organ (of Loxoso ma). ^/. Epistome. /. ^. Fibrous part of brain. 
f.ff. Foot-gland, ffa. Ganglion of adult, ^.p. Growing point of stolon. 
ff. V, Median groove of permanent vestibule, ultimately becoming the vesti- 
bular aperture (in position of part of oral groove of larva P). int. Intestine. 
/./. Lateral fold of vestibular wall. /. 9. Lateral portions of anal division of 
vestibule, m. Mouth. jn«j. Mesoderm, m. p. Median postanal portion of 
the anal division of the vestibule. 0. (Esophagus. 0, ff. Oral groove. 
ree. Rectum. «. Sucker, st. Stomach. /. Tentacle. 0. Yestibule. v. a. 
Its aperture, v. an. " Anal" division of vestibule, v. or. "Oral" division. 
V. V. Ventral division, x. Large-celled tissue at base of epistome and anal 
cone. 

PLATE XXI. 

Pedicellina echinata. 

Fio. 1.— Median longitudinal section of a larva quite recently fixed (on 
Coralline). 

Fig. 3.— Obliquely longitudinal section (in the plane C D in figs 3 and 4>) 
of a similar larva. 

Fio. S. — Horizontal section of a slightly older larva, passing through brain 
(= dorsal organ), oesophagus, epistome, and anal cone. 

Fio. 4.— Obliquely transverse section (in the plane A B in fig. 1), at a stage 
very soon after fixation. 

' In describing one section as passing in a plane indicated in the figure of 
another, it is to be understood that the details in the two individuals do not 
always exactly correspond. This is due, partly to a difference in age between 
the two larvse figured, and partly to variations in the position of the internal 
structures, owing to varying conditions of muscular contraction. 



Digitized by 



Googk 



ON THE LIPE-fllSTORy OF PBDIOELLINA. 263 

Fio. 5. — Horizontal section, at an early stage in the metamorphosis, passing 
through the tip of the epistome, the lateral folds and oral grooves, and the 
apex of the anal cone. 

Figs. 6 and 7. — Two sections of a considerably older indi?idaal, passing 
respectively in the planes K L and IJ in Fig. 16. 

Figs. 8 and 9. — Two sections of an individual of the age of Fig. 16, passing 
in an obliquely longitudinal direction. Fig. 8 cuts the mouth and one of the 
lateral portions of the permanent vestibule, Fig. 9 passing through the rectum 
and the degenerating vestibule of the stalk. In another section of the same 
series the two parts of the vestibule are continuous, exactly as in the diagram, 
Fig. 16. 

Fig. 10. — Median longitudinal section of an advanced, but still solitary, 
individual. 

Fig. 11. — Horizontal section (in the plane Q H in Fig. 10) through a 
similar specimen. 

Fig. 12. — Section of an individual of the age of Figs. 8 and 9, passing in 
the plane E F in the latter figure. 

Fig. 13. — Median longitudinal section through the stalk of a solitary 
individual with commencing primary stolon. The arrow indicates the position 
of the oral side of the calyx. 

Fig. 14. — Obliquely transverse section of a young bud, developed at the 
growing point. 

PLATE XXII. 

Fig. 15. — Young bud of Loxosoma, from the ventral side. Copied from 
O. Schmidt, 'Arch. f. mik. Anat.,' Bd. xii, 1876, PI. lU, fig. 17. 

Fig. 16. — Diagrammatic longitudinal section of a metamorphosing Pedi- 
cellina at the stage of Figs. 8, 9, &c. 

Figs. 17 — 19. — ^Diagrams illustrating the supposed morphological nature of 
the metamorphosis of the Entoprocta. A full explanation is given in the 
text. 
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SUR 

L'EMBRTOGENIE DES BRTOZOAIRES ECTOPROCTES 



SIDNEY F. HARMER, 
M. A., B. Sc, Fellow of King*t College, Cambridge. 

G'est k la bienveillance de M. le professeur de Lacaze-Dothiers, 
qui a bien voulu, pendant V&i& de 1883, m*admettre dans son labo. 
raioire zoologique de RoscofT, que je dois d'avoir pu Windier le d^ve- 
loppement de VAlcyonidium. Jelui dois mes meilleurs remerciements 
pour son hospitality si courtoise et pour la possibility que j'ai euc 
d y recueillir une remarquable serie d^exemplaires d'Atcyonidtum, 
Je desire exprimer aussi le bon souvenir que j'ai emport6 de I'^galo 
bienveillance avec laquelle j'ai 6t6 trails, durant mon s^jour & Ros- 
coff, tant par M. de Lacaze-Duthiers lui-m^me que par tons les mem- 
bres de la station. 

VAlcyonidium polyoum est extr^mement abondant sur les Fucus 
serratus qui croissent sur les rochers, au bas de Teau, dans la riviere 
de Penz6, pr5s de RoscofT. Les embryons ^taient mis en liberty dans 
les mois de juillet et d'aoiit de Tann^e oil j'ai pu examiner cette 
esp^ce. 

VAlcyonidium polyoum a 6t6 d*abord d6crit par Hassall (VII)* sous 
le nom de Sarcochitum polyoum^ englob6 ensuite par Hincks (VIII) 
dans le genre Alcyonidium, L'espbce qui se rencontre dans la riviere 
de Penz6 a 6t6 identifi6e, par Joliet (IX), avec le S. polyoum de 
Hassall, et je puis me reposer, pour la justesse de cette d^termina- 

* Les nnmeros entre parentheses renvoieril h la lisle des mcmoiros donn^e ^ la 
fin du present travail. 
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tioii, SUP M. Charles Marly, du laboratoire zoologique de Roscoff, 
qui rapporte mes exemplaircs h, Tesp^ce d^crite par Joliet pour la 
inOme locality. Je mentionnc ce fait, parce que la description de 
Uassall et de Hincks aurait besoin de quelques corrections, si leur 
cspfcce csl r6ellement idcntique h celle qu'on trouve k Roscoff, ce 
dont je ne suis pourtant pas absohiment convaincu. 

Mes cchantillons ne montrent pas les grandes papilles mentionndes 
par Hincks, d*ou sorlent les polypides. Ce fait cependant pent 5trc 
dd h la contraction produite par Ic sublim6 corrosif ou par Talcool 
dans lequol ils ont iie conserves. II faut aussi mentionner deux au- 
tres differences avec la diagnose donn^e par Hincks : d^abord, la 
facilitc avec laquelle on distingue de la surface de la colonie les septa 
cntre les zoecies, el, en second lieu, ce fiiit que les embryons sont 
invariablcment agr^ges en bouquets sph<^riques, conlenus chacun 
dans la gaine tentaculaire d'une zo6cie dont le polypide est atrophia 
au lieu d'6tre « disperses simplcrnent a travers le polypidome », 
comme dans la description de Hassall. 

II no me paralt pas pourtant ndcessaire detabiir une nouvellc 
csp6ce pour la forme de Roscoff, jus([irii ce que Tcxactitude de !a 
diagnose originate de Hassall soit bien clablie. 

J'ai observ6 des polypides h 20 tenlacules, nombre donn6 par 
Hassall, qnoique, dans mes individus, le nombre des tentacules pa- 
raisse 6tre plus communement il. On doit remarqucrque cesnom- 
bres sont considcrablement plus elev6s que ceux qui caract6risent 
la plupart des espfeces d'Alct/omfJium. 

La plupart de mes observations sur le d^veloppement ont 6te 
faites au moyen de coupes de colonies enli6res, conserv6es dans le 
sublim6 corrosif. La mati^re colorante qui a donnd les meilleurs 
rcsultats est le picrocarmin suivi du lavage h Teau et du transport 
dans les alcools de plus en plus forts; tous les alcools ainsi que 
Teau etaicnt additionn6s d'une petite quantity d'acide picrique. 
Par cetto m6thode, les noyaux sont colords en rouge et les spheres 
vitellines en jaunc.ll est d'ordinaire exlrftmcment difficile dedistin- 
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guer les spheres vitellines des noyaux, k moins d'employer, pour 
diff^rencier Ics deux, quelque m^thode, comme la double coloration. 
J'ai aussi employ^, avec beaucoup de succ^s, rhimatoxyline, suivie 
d'6osine, et le carmin au borax, snivi d'h^maloxyline. 

Les (Bufs, dont plusieurs se developpent simultan^ment dans la 
m^me zo£cie, sont grands el poss^dent de nombreuses spherules 
vitellines, seniblables k celles flgur^es dans les embryons, r^pandues 
uniform6raent dans leur protoplasma. Pendant la segmentation et 
le premier developpcment de Fembryon, les spherules vitellines se 
rencontrent indifTeremmcnt dans toutes les cellules, sans qu'elles 
pr^dominent k un plus haut degre dans les ^l^ments hypoblastiques. 
La segmentation, qui est pr^c^d^e de la formation de globules po- 
laires, appartient au type remarquable qui parait caract^ristiqiio 
de tous les Ctenostomes et Cheilostomes, tels que Tout decrit He- 
piacboir (XIV), Barrois (I, II) et autres. La cavil6 de segmentation 
apparait d^s que Terabryon est compose de 16 cellules, qui sont 
dispos^es en quatre series longitudinales de 4 cellules cbaque, 
deux rang^es appartenanl k la moitie oralc de Tembryon, les deux 
autres k la moiti^ aborale. Au stade k 48 cellules la moitie aborale 
se compose de 32 cellules, et la moiti^ orale de 12; 4 sont int^- 
rieures. Dans la region aborale, larrangement est le suivant : 

1*^ Deux rangees longitudinales de 4 cellules, dispos^es sym^tri- 
quement, k droite et k gauche du plan median, et occupant le centre 
de la surface aborale ; 

2* Un cercle complet de 8 cellules, entourant le groupe central et 
entour6 k son tour par : 

3^ Un anneau p^riph6rique de 16 cellules qui sont, comme Ta 
monlr^ Barrois^ le commencement de la couronne ciliaire. 

La moiti6 orale possMe un groupe central de 4 grandes cellules, 
surmont^ de 12 cellules p^riph^riques. 

La cavit6 de segmentation est k ce stade relativement grandc, 
mais remplie en parlie par 4 cellules, qui sont dispos6es imm^dia- 
tement au-dessus des cellules orales centrales et en sont d6riv<^es 
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probablement. Les 4 cellules plac6es dans la cavit6 de segmentation 

sont le commencement de Thypoblaste. 

A un slade un peu plus avanc6, j'ai observe Texislence d'une forte 
depression, le blastopore, situ6 exactement au milieu de la face 
orale et se continuant avec une cavit6 quelque peu irr6gulifere, en- 
tour6e de plusieurs grandes cellules hypoblastiques. 

A un moment oil la cavity de segmentation est partiellement 
combine par une grandc masse de cellules (repr6sentant probable- 
ment rbypoblaste et le m6soblaste), le blastopore semble se fermer 
compl6lement. A un slade encore plus avanc6, la cavit6 de segmen- 
tation est completcment oblit6p6e par la masse cellulaire interne, et 
les organes varies de la larve commencent a faire leur apparition. 

Au premier stade, figure (pi. XX VII, fig. 1 , section longitudinale me- 
diane d'un jeune embryon), beaucoup de ccs organes sont dej^ con- 
stitu^s en parlie. Les spherules vitellines se rencontrent encore dans 
tons les tissus de Tembryon. Deux des grandes cellules qui forment 
la couronne ciliaire (f , r) se voient aux extr^mitds oppos^es de la 
coupe. La partie ant^rieurc de la surface orale (qui est entour6e par 
la couronne ciliaire) est en forme de depression : Vorgane pyrifonne 
de Barrois.Celte partie se d6veloppe comme une involution en forme 
de coupe de T^piblaste, et il n y a aucune raison de supposer que, 
chcz VAlcyonidhtmy il apparait d'abord h I'int^rieur de I'embryon, 
pour se fusionnerensuite avec le tegument, comme Ta constats Bar- 
rois (II, p. 24) pour le Lepralia. Un peu en arrifere du milieu de 
la face ventrale, se trouve Touvcrture de la grande ventouse {s, sac 
interne de Barrois), qui, de m6rae que Torgane pyriforme, se forme 
par une invagination de r6piblaste. Aux stades pr6c6dents, cetlc 
ouvcrture est beaucoup plus grande que dans I'embryon repr6- 
sente. 

Le canal allmcnlaire de Tcmbryon est bien d6velopp6. II comprend 
un vaste estomac ( s£) limite par un Epithelium extr^mement irrd- 
gulierel qui s'est probablement form6par un creusemenlde la masse 
hypoblaslimie solidc dos prcmicM's stades. L'*BSophage (ocs), qui se 
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forme peul-6tre comme un slomodoDuin, pr6senle uiie cavit6 lr6s 
etroile et communique avec Testoraac, d'un c6l6, el de I'autre, avec 
rext6rieur, au moyen de la bouche. Gelle-ci (m ) est grande et plus 
^vidente, h ce stade, qu'^ aucun des suivants. 

II y a quelque raison de penser que la region immediatement en 
arriere de Touverture de la ventouse repr^seiite la region anale 
(voir fig. I). Si tel est ea realite le cas, il se trouve que Tembryon 
est enloprocle et que la parlie du corps eulre Textr^mile de la ven- 
touse et la couronne ciliaire repr6sente le c6ne anal. 

Les figures 2 et 3 representent des coupes longiludinales d*em- 
bryons h difi'<^rents ^ges ; celui que monlre la figure 3 est presque 
pr^s d'eclore, tandis que celui de la Ggure 2 est presque exactement 
inlerm6diaire entre ceux des figures 1 et 3. 

Au stade repr6sent6 figure 2, le canal alimenlaire a acquis son maxi- 
mum ded6veloppement,et la cavit6 de I'estomac (st) peutStre, ibon 
droit, qualifi^e de gigantesque. II n'est cependant pas facile de 
distinguer r6pith61ium qui le tapisse, pas plus k ce slade qu'i au- 
cun autre ; il doit se composer d'une masse de spherules vitellines, eii- 
velopp^es de proloplasma, avec quelques noyaux de distance en di- 
stance, ou il doit se presenter comme une couche de protoplasma 
trfes mince,dans laquelle des noyaux sont 6pars. L^^pilh^lium de I'es- 
tomac est, en un mot, aussi compl^tement different d'un 6pith^lium 
secr6teur ordinaire qu'on pent Timaginer, et ce fait, rapproch6 de ce 
que la lumi^re de Testomac devient plus petite k mesure que le d6- 
veloppement progresse et qu'il n'y a probablement dans les der- 
niers stades aucune communication avec Texl^rieur me conduit k 
penser que chez VAlcyontdium le canal alimentaire est un organe 
rudimentaire. Gette vue est confirmee par la figure 3, repr^sentant 
un stade plus avanc6 dans lequel la nourriture pent ^ peine, si m^me 
c'e^t possible, traverser Toesophage. C'est gr^ce k la provision con- 
siderable de vitellus nutritif dans Toeuf, k ce fait que le d^veloppe- 
ment ,s'accomplit dans la parol du corps du parent, k Textrftme 
brievete de la vie larvaire libre ct k la d6g6n(5rescence de beaucoup 
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des organes embryounaires pendant la m6lamorphose, que le canal 
alimentaire doit de n^avoir pas k conscrvor pins longtennps sa forme 
fonctionnellc. 

La bouche (m) est facile ii reconnaitre sur la figure 2. L^oesophage 
ne pr6sente pas de cavit6 dans sa prenii6re partie, mais elle de- 
vicnt dislincte pr^s de Testomac. Les parois de Toesopbage conticn- 
nent un grand noinbre de spheres vitellines, et, de plus, la region anale 
supposde de la figure 1 s'est munie, k la figure 2, de quelqucs ciis. 

Les parois de la ventouse sont plus ddpourvues de vilellus qu'aux 
stades pr6c6dents, quoiqu'un petit nombre de spheres vitellines y 
persistent encore. 

Aulour de la region aborale de I'embryon est apparu un profond 
sillon {mc) courant sur le c6l6 dorsal de la couronne ciliaire et con- 
ccntrique a elle. Ce sillon, qu*on pent d^jk reconnailre sur la figure 1 « 
est ce qui a 6t6 decritpar Barroiset autres comme la cavil6 palleale. 
11 a probablement pour fonction de permcttre Tinvolution de Tan- 
neau ciliaire k Tint^rieur du vestibule qui se forme pendant le pro- 
cessus de fixation. 

Pour comprendre les cbangcments qui ont lieu subsequemment 
dans le tube digestif, dans la ventouse et dans la cavit6 palleale, il 
faul se reporter k la figure 3, coupe d*un embryon plus ikg6. L'obso- 
pbageest quelque pcu difficile k distinguer au milieu de son Irajet, 
et la cavity de Testomac est consid6rablement plus rdduite qu'au 
stade pr^c^dent, bien que ses parois soient devenues plus ^paisses 
qu'auparavant. 

La ventouse est caract6ris6e par I'absence presque complete de 
vitellus d^ns ses cellules qui sont grandes et columnaires, la cavite 
6lant alors r6duile k de tr^s faibles proportions. La ventouse s*6tend 
k quelque distance sur les r6gions lat6rales de Tembryon ou elle 
6'j§tend plus en avant que sur la ligne m^diane, de sorte que son 
bord apt^rieur est concave, comme Tafigur^ Barrois.(l) k la fois chcz 
les Cheilostomes et les Ct^nostomes. La cavity palleale est limit6e 
par un 6pilhcliurti tr6s elcv6. 
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11 a toujours r^gne une grande incertitude siir la fonclioii de I'or- 
gane pyriforme. Repiachoff (XV) a constatd que chez la Tendra un 
amas de cellules se d^tache de I'hypoblaste de Tembryon, amas qui 
est ceas6 representor la v6sicule hypoblastique d6crite par llatschek 
chez les embryons et chez les stolons de Pediceliina, J'ai, dans dcs 
occasions pr6cedentes (V et VI), lent6 de monlrer qu'Hatschek s'ost 
niepris danscette identification, que Tuorgane dorsal » de la larve 
est en r6alit6 le ganglion sus-oesophagien, et qu'en r^alite la vdsicule 
endodermique du stolon n'existe pas. II me semble d ailleurs probable 
que, chez V Alcyonidmm^ la region qui correspond h celle occup6e 
par r^minence hypoblastique suppos6e de RepiacholT rcnferine un 
amas de tissu nerveux qui constituc le cerveau des larves des Eclo- 
proctes. 

La figure 4 repr^sente une coupe transversale 5. travers la region 
de Torgane pyriforme dans unembryon d*Alcyonidlum kpeu pr&sdu 
m6nie Age que celui que monlre la figure 3. La couronne ciliaire (er) 
el la cavity pall^ale ont la m6me disposition que dans la figure 
pr6cidente. Au milieu de la face ventrale on voit la depression, en 
forme de coupe, qui constitue Torgane pyriforme, et sur les c6t6s 
de ce dernier, jusqu'ik la couronne ciliaire, Tepiblaste est 6paissi, 
montrant un protoplasma finement granuleux et quelques sph&res 
vitellines. 

Comme dans les figures prec6dentes, il n'y a pas de cavil6 g^ne- 
rale bien d^finie, quoique certains espaces irr^guliers se rencon- 
trent par intervalles dans le m^soblaste. Le milieu de la figure 4 est 
occupy par un grand d^veloppement de fibrilles bord^es latera- 
lement par des amas de protoplasma nuclei et d^pourvue de spheres 
vitellines, et ces amas semblent se continuer avec r^piblaste dorsal 
des deux c6tes de la ligne m^diane. Je regarderai provisoirement ces 
parties comme de nature nerveuse, et j'estime qu'elles repr6sentent 
le cerveau de YAlcyonidium embryonnaire. 

L'organe pyriforme offre, k preraifere vue, Tapparence d'une 
glande muqueuse, gr&ce k la presence, dans son int6rieur,de larges 
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esp^ces pleines d unc substance transparente qui ne prendpas aise- 
ment les matiferes colorantes. 

A un cxamen plus atfentlf pourtant, Torgane semble compost 
d'une s6rie de cellules 6troitementserr6es ensemble h leur extr6mit6 
externe, iandis que du cdi6 interne elles se prolongent en fins pro- 
cessus enlre lesquels se trouveni des autres cellules pleines des 
espaces vacuolis^s. Les noyaux sont situ^s pour la plupart k Tex- 
tr^mite interne de ces cellules vacuolis^es. II est important h noter 
qu'ii n'y a pas de limite tranch^e entre Torgane pyriforme et la 
masse centralede fibres nerveuses, qu'on voit, en r6alii6, se pro- 
longer dans les bases des cellules de Torgane pyriformc.il me semble 
probable, d'apres les faits ci-dessus, que la principale fonction de 
Torgane en question est sensorielle. La larve nage ordinairement 
I'organe pyriforme en avant, et il est possible qu'il ait pour r61e 
d'apprecier les caractferes du corps sur lequel la larve desire se fixer. 
La connexion intime de Torgane pyriforme avec le syst^me ner- 
vcux central, jointe h, la ciliatiou h peu pr^s complete de Torgane, 
plaide en fuveur de Tidde que la partie en question est de nature 
plul6t nerveuse que ghindulaire. Je suis hors d'etat de dire si toutes 
les cellules de Torgane pyriforme sont cilices*. 

Le cerveau suppos6 de Tembryon d'Alcyonidium consisle en une 
masse de fibres nerveuses entour6e en partie de cellules ganglion- 
naires qui sont, sur la figure 4, les masses de protoplasma nucl6e 
qu'on voit sur les c6tes de la masse fibreuse. Les cellules ganglion- 
naires sont unies k Tepiblaste dorsal, excepts auvoisinage dela ligne 
m<^diane, oil s*intercale comme un coin, au milieu du syst5me ner- 
veux, une masse de tissu caract6ris6 par I'abondance des spheres 

i U est k remarquer qae Torgane pyriforme u beauooup de similarity avec le 
KopfschUd d^crit par Kleinenberg [ZeUt. f. wiss, ZooL,i. XUV, 1886, p. 61) daus 
la larvp d'une Anndlide {Lopadorhynchus), Le KopfschUd est une d^pendance de la 
region pr^orale, et ainsi n*a probabtement pas de relation g^netique avec Torgane 
pyriforme. 11 est constats qu'il est compost de cellules vacuolis6es,qui ne sont pas 
pUes-m6mes de nature nerveuse, mais qui on/ une relation la plus intime avec le sys- 
tdme nert>etix. Le KopfschUd est d'aiileurs uni h un organc cili6 dc sens dans la 
larve de Lopadorhynchus. 
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vitellines. La masse fibreuse du ganglion ^met une paire de. forts 
nerfs dont Tun se voit sur le cdt6 droit de la Ggnre 4 {nv) et que Ton 
pent suivre sur Ics coupes jusqu*^ la couronne ciliaire. Ges deux 
nerfs, probablement, servent 5. r^gulariser I'aclion des cils decelle-ci 
et paraissent fournir quelques Hbres k T^piblasle ventral 6paissi 
entre elle et Torgane pyriforme. 

La figure 3 moutre Torgane pyriforme el le cerveau d'unembryon 
^g6 coup6 longitudinalemenl. On voit le cerveau en connexion avcc 
r^piblaslc dorsal, comme dans la figure 4. 

Sur la figure 1, la region du cerveau futur est indiqu6e en br. II 
est difficile d'affirmer qu'il y ait des ^l^ments nerveux d6velopp6s a 
cette 6poque, maison peut remarquer que Tipiblasle dorsal est for- 
tement dpaissi au-dessus de Torgane pyriforme. Ce caractere se ren- 
contre encoredans les embryons au stade repr6sent6 figure 2, oil Ton 
peut voir d'ordinaire, et souvent d*une fagon plus distincte que 
figure 2» que T^paississement dorsal de Tiipiblaste est intimement uni 
aux cellules ganglion naires du cerveau au point qu'on peut k peine 
douter que ces cellules sont d6riv6es de T^paississement dorsal lui- 
m^me. L'origine des fibres nerveuses est plus difficile k dtablir. II est 
possible qu'elles se d^veloppent du cdt4 dorsal et n'entrent que plus 
tard en relation avec Torgane pyriforme et les autres parties de la 
region ventrale, ou qu'elles d^rivent en partie de la face dorsale et en 
parlie de la face ventrale. Des coupes comme celles des figures 3 et 
A semblent 6carter la possibility d'une origine purement venlrale 
des fibres nerveuses II me semble probable, en somme, que la plus 
grande partie du syst^me nerveux provient de T^piblaste dorsal. 

Si on consent h admettre cette origine m^me pour une portion 
du « cerveau », il s*ensuit que nous rencontrons dans les larves des 
Kctoproctes, comme dans celles des Entoproctes, le tissu nerveux 
d^velopp^ du c6t6 dorsal de la couronne ciliaire dans la r6gionant6- 
rieure de Tembryon. La partie ci-dessus d^crite comme cerveau 
dans VAicyonidium sera alors I'homologue de Y « organe dorsal », 
la v(5sicule endodermiqiie suppos6e des Entoproctes. II serait inlc- 
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ressaul de savoir si Ics laches pigmenlairesd^critcs par XiLsche (XI) 
et aiilrcs chez les lanes de Bugula, sont unies en quelque faQon a 
eel « organe dorsal •>, comme c est le cas pour les yeux lai'vaires du 

Les conclusions ci-dessus ne concordent pas enli^rement avec 
les r^sultats des obsenaleui^s pr6c^denls^ auxquels il faul mainle- 
nan I accorder noire allenlion. 

11 esl bien cerlain que la separation d'une masse de cellules endo- 
dermiques ne se produil pas chez YAlcyonidiumcommQ la decrit 
Repiachoff (XY) chez la Tendra. L'odsophage Iranche vivemenl, saul 
aux premiers stades, sur les lissus imm^dialemenl adjacenls par le 
grand nombre de spheres vitellines que renferment ces parois (voir 
fig. 2 el 3), et on peul k peine supposer que le lissu fibrillaire, au 
niveau de ToBsophage, puisse en aucun cas en d^river. Je me sens 
amen6 k douler de rexaclitude des observations de Repiachoff sur 
celle parlie du d^veloppement de la Tendra^ bien qu'il faille noter 
que, sur d'aulres points, la description que je viens de donner Con- 
corde eiroilement avec celle de Repiachoff. 

Yigelius (XVI) a public cerlaines figures de coupes sur des em- 
bryons de Bugula qui donnent a penser que, dans ce genre, il peul 
se renconlrer un syst^me nerveux semblable k celui de VAlcyoni^ 
dium. Dans la figure 49 de la planche XXVII, Yigelius monlre une 
couche de fibrilles entouranl Torgane pyriforme exactemenl dans la 
mdme position que le nerf nv de ma figure 4, mais cependant il n'a 
pas, dans sa description, appel6 Tattention sur Texistence de ces 
fibrilles nerveuses suppos6es. 

Encore dans la figure 14 de la planche XXYI, Yigelius monlre que 
]b calotte de la larve a une structure presque identique k la region 
dorsals representee k la figure 4 du present travail, c'est-^-dire qu*il 
y a une proliferation interne bien apparenle des cellules epiblas- 
liques de chaque c6ie de la ligne mediane. 

Ges cellules doivent peul-6lre correspondre k ce que je regarde 
comme le cerveau chez YAkyonidium, el la ressemblance enlre cc 
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genre et le genre fJugula est rendue encore plus frappanle par iexis- 
tence dans ce dernier, comme le montre la figure de Yigelius, d'une 
r6gion centrale qui ne prend pas part k la proliforalion et qui p6- 
n^tre comme un coin dans le tissu nerveux suppose (tout comme 
sur ma figure 4). 

Mais pourtant Vigelius ne montre pas qu'il cxisie unc connexion 
entre les cellules n6cs par proliferation de la calotte et les fibres qui 
entourent Torgane pyriforme. 

Maintenant on admet tr^s gen6ralement que la structure des larves 
d'Ectoprocles pent ftlre ramen6e au type des larves d'Entoproctes, 
ct que ces derniers sont de vraies trochosph^res. Gettc conception 
est maintenant adoptee par Barrois (lY), qui admet que. chez les 
larves des deux groupes, les organes suivants se correspondent, h 
savoir : « Le tube digestif, les faces orale et aborale, la couronne 
'ciliaire et enfin la fente vestibulaire... avec le sac interne*. » Je suis 
enti&rement d'accord avec lui en cela, mais je pousserais encore un 
peu plus loin la ressemblance entre ces deux types en tentant d'6ta- 
blir rhomologie d'une partie de Tembryon d'Alcyont'dium avec ce 
qu'on appelle Tor^'an^ dorsa/ des Entoproctes. 

Bien qu'il soit vrai que dans mon travail sur le Loxosomo (Y) j'aie 
admis la possibility que I'organe pyriforme lui-m6me repr6sente le 
cerveau des Entoproctes, Lankester a rapport^ incxactement Tinsi- 
nuation que j'ai 6mise k cetle 6poque dans son article Polyzoa de 
Y Encyclopaedia Britannica (X). Dans la figure 20 de Lankester (de 
Balfour^ d'apr^s Barrois), m (?) est I'organe pyriforme, tandis que si 
(que Lankester affirme queje consid^re comme le ganglion c6pha- 



^ Le ro^moire de Barrois a M public simuUnn^ment avec mon travail On the Ufi$ 
hiitory of PtdieeUima (VI) et quelques-unes des figures de ce dernier auraieot 6l6 
inutileSjSi le m^moire de Barrois avail paru un peu plus t6t. U sera & peine ii^cessaire 
de donner un expose d^laillS des critiques de Barrois sur mes r^sultats ant^rieurs, 
puisque certaines modiDcations aux id^es ^mises pr^c^demment par moi, sp6ciale* 
meat en oe qui conoerne la nature de la metamorphose, et que j*ai ezpliqu^es dans 
mon travail pr^cil^, m'am^nent 2i un accord presque complet avec Barrois sur les 
points Ics plus importants oil il me Fait I'lionncur de rappelcr mcs rcsuUals. 
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liquc) est la ventouse, la larye 6lant opienl6e de manidre k repre- 
sent er sa face dorsale en bas. 

En se reportant k la figure 22 de la planche XX de mon mcmoire 
sur le Loxosoma, reproduction d'une des figures de Repiachoff sur le 
Tendra^ on verra que la structure de Tembryon dans ce dernier genre 
est, comoie cela a d6j& et6 expliqu^, extr^mement semblable k celle 
de VAicyonidium k T^lat larvaire. L'organe pyriforme (x), le canal 
alimentaire (o,g ) et la ventouse ou sac interne (v) correspondent k 
ceux de VAlcyom'dium. L'^paississement dorsal de Tepiblaste (y), que 
•j'avais suppos6 d'abord representor la glande c6raentaire des Ento- 
proctes, est plus probablement Tequivalent deT^paississement dorsal 
de r^piblaste en connexion avec le cerveau dans VAicyonidium; les 
cellules e consid6r6es par Repiachoff comme de nature hypoblas- 
tique sont peut-6tre une partie du tissu du cerveau lui-m6me. 

Dans la figure 24 de la mfenje planche j'ai reproduit un des dessins , 
de Repiachoff sur le Cyphonauies, animal pour lequel mon impuis- 
sance d'alors k lire la description de Repiachoff m'a conduit k cer- 
taines interpretations erron^es. Je comprends maintenant que la for- 
mation x est simplementla partie anl^rieure de la bande ciliaire, que 
sc est regard^ par Repiachoff comme Torgane pyriforme, et que e est 
le bourgeon endodermique suppose. Repiachoff ne montre pas cette' 
derni^re formation donnant naissance au premier polypide, comme 
je Tavais d'abord suppose. 

Ostroumoff (XII) a montre recemment que Torgane figure par 
Repiachoff juste au niveau du rectum, Vorgane enigmalique de Schnei- 
der^ est en realite la ventouse ou sac interne par oil s'effectue la fixa- 
tion. La structure du Cyphonautes se trouve par l^ plus semblable k 
celle des autres larves d'Ectoproctes qu'on ne Tavait imagine 
jusque-l^. 

11 est cependant difficile d affirmer encore que la glande cemen- 
taire des Entoproctes est representee chez les Ectoproctes. De nou- 
velles recherches sont necessaires pour etablir si la calotte de ces 
derniers doit 6tre regardec comme homologue de la glande cemen- 
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taire, de Torgane dorsal ou de quelque autre formation offerle par 
les larves d'Entoproctes. 

Le canal alimentaire parait fonctionnel chez le Cyphonauies seu- 
lement, c'esl-k-dire lalarve de Membranipora, II a pourtanl 6t6 ren- 
contre plus ou moins d^velopp^ chez le Ttndra (Repiachoff, XV), 
plusieurs Cyclostomes (OstroumofF, XIII), etje crois I'avoir trouv6 
aussi chez le Flmtrella. Barrois (IV) a 6niis Topinion que c'est r6elle- 
ment la bouche qui se montre en la depression ce (pi. VII, fig. i3 et 
ailleurs) dans son grand m6moire (I), en sorte qu*il y a un ensemble 
considerable de preuves en faveur de cette id6e,que les larves d'Ec- 
loproctes sont, h. Torigine, pourvues d'un tube digestif distinct. 
M6me dans les cas ou il n'existe pas de tube digestif avec une cour- 
bure ventrale complete, Thypoblaste se forme chez Tembryon exac- 
tement corame chez les autres Bryozoaires a canal alimentaire mieux 
developpe, mais prend plus lard la forme d'un amas de cellules 
remplissant presque tout I'int^rieur de Tembryon, fait d6montr6, par 
exemple, par Barrois dV) et OstroumofT (XIII) pour les Cyclostomes, 
par Vigelius (XVI) pour le Bugula, et paV Repiachoff (XV) pour le 
Boiverbankia. 

La d(5couverle d'un tube digestif bien d^.velopp^, quoique proba- 
blement sans fonction, chez les larves de Ctenostomes {Alcyonidium) 
et de Cyclostomes (comme Ta montre Ostroumoff), me sauve de la 
n6cessit6 de supposer que le Cyphonauies est r6ellement une larve 
archaique, supposition tres difficile k concilier avec les id6es cou- 
rantes^ur la haute specialisation des Cheilostomes. 

II me semble, au contraire, que le Cyphonautes est probablement 
un type de larve tr6s modifi6 chez lequel le canal alimentaire a con- 
serve une forme fonctionnelle (grdce peut-6tre k la vie larvaire plus 
prolongSe que chez les autres Bryozoaires?), tandis que la face orale 
s'est transform^e en un atrium ot sont situ^s Torgane pyriforme et 
la ventouse. 

II est a present difficile d'affirmer que les caract^res de la larve 
de y Alcyonidium sont conserves dans tout le groupe des Ct^no- 
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slomes, puisque les r^sulUts publics par Barrois (I, III et IV) et 
Repiachoff {XV) touchantles larvesdecette division des Bryozoaires, 
ne concordenl en aucune fagon. 

Barrois (III) a constats que les Gl6nostomes (groupe dans lequel 
il esl a pr^sumer quMl ne fait pas rentrer VAIcyonidium) sont carac- 
t^ris^s par Tabsence de sac interne. RepiachofT (XV) a pourtant 
donn^ line description, accompagn^e de figures, du d^veloppement 
de la Dowerbankia^ qui tend peut-6tre k montrer que le sac interne 
n*est pas rtollemont absent dans cette forme. La description et les 
figures de Repiachoff sont extr^mement difficilesa bien comprendre, 
et si nous accoptons ses r^sultats, la larve de la /iowerbankia diff&re 
beaucoup de celles des autres Gt^nostomes. Une comparaison du 
travail de Repiachoff et sp^cialement de la s^rie de coupes de larves, 
figurie Ik la planche IV, avec mes propres preparations d'Alcyo- 
nidium, me conduit ^ douter de I'exactitude des identifications pro- 
poshes par Repiachoff pour les faces de ses larves. 

Une nouvelle ^tude de la larve de la Bowerbankia est n^cessaire 
pour eclaircir enti^rement sa structure. Je ferai seulement remar- 
quer h present, qu'une grande partie de la difficult^ pour la compa- 
raison enlre la larve de Repiachoff et ce.Ile de VAIcyonidium dispa- 
raitrait, si Ton pouvaitd^montrer (commeje soupQonne que c'est le 
cas) la v^rite des points suivants : 

I* Que la cavite du manteau pour Repiachoff {ct dans toutes les 
figures) est en r^aliti le sac interne ou ventouse; 

2* Que le siUon dorsal cilie de la larve de Bowerbankia est I'organe 
pyriforme. 

£n terminant, je dois signaler Tobservation de Repiachoff que le 
corps brun des larves r^cemment fix6es est cili^. Repiachoff n\au- 
rait-il pas pris les cils de la surface externe du corps rentr6e a rint6- 
rieur, au moment de la fixation, pour des cils apparlenant au corps 
brun? 
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EXPLICATION DKS PI-ANCHES. 
DftVELOPPEMENT PE VALCYONIDWM POLYOVM. 

S. B. — Los flgures 1-3 ont M dessinoes avec Voc, \, obj.1/12 k iinmprsion h. Thuiie 
de Zeiss. La figure 4 est plus fortemeot gross ie. 

Lfllret ideniiqws dans toutet les figures. 

br^ cerveau. as, oesoplinge. 

CTy couroniie ciliaire. po^ organe pyriforrae. 

tn, bouciic. Sy sac Interne ou ventoiise. 

tne^ cavity pa1l6ale. st, entomao. 

nVf nerf. 

PLANCHES XXVII, XXVIII. 

Fi(}. 1 . Coupe mediane longiludinale d'un jeune embryon. 
2. Coupe mediane longitudinaie d*un embryon plus fl.ge. 
8. Coupe mediane longitudinale d'un embryon presque prfes d'eclore. 
4. Coupe transversale d*un embryon du mdme Hge que flg. 3, plus fortemenl 

gross! . La coupe passe par la region du cerveau et do Torgane pyri- 

forme. 

pendant la correction de mes ^preuves, de faire une critique de ces travanx, qui se 
rapportent, lous les deux, li la structure el h Tembryog^nie des Bryozoaires du goUe 
de St'^baslopol. 



PAniS. — TYPOOnAPIlIlS A. HBNNUYGIi, RUB DARCET, 7. 
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[Extracted from the Proceedings of the Cambridge PhUosopkiccU Society , 
Vol. VII. Pt. II.] 



(3) On the origin of the embryos in the ovicells of Cyclosto- 
mataus Polyzoa, By S. F. Harmer, M.A., King's College. 

[Reprinted from the Cambridge Univereity Reporter^ Fehmary 18, 1890.] 

The species investigated belonged to the genus Grisia^ in which, 
as in other forms of Cyclostomata, the mature ovicells contain a large 
number of embryos. These embryos are imbedded in the meshes 
of a nucleated protoplasmic reticulum, which also contains a mass 
of indifferent cells, produced into finger-shaped processes, the free 
ends of which are from time to time constricted off as embryos. 
The embryos have, at this stage, a stnxcture identical with that of 
the youngest embryos described by previous authors. After de- 
veloping various organs, they escape as free larvae through the 
tubular aperture of the ovicell. The budding organ from which 
the embryos are formed makes its appearance at an early stage in 
the development of the oyicelL Evidence was brought forward to 
show that it must be regarded as an embryo, produced from an 
ovum. The supposed ovum is found in very young ovicells, im- 
bedded in a compact follicle, and appears to give rise, by a remark- 
able process of development, to the budding organ above described. 
The embryos are thus produced by the repeated fission of a primary 
embryo developed in tne ordinary way from an egg. 
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[Mead at the Leeds Meeting qf iks Bbitibh ASSOCIATION, 1890.] 



On the Regeneration of Lost Parts in Polygoa. 
By SiDNBT F. Habmeb, MA.y B.8c. 

It has long been known that, in the gpreat majority of Polyzoa, a remarkable 
prooeas takes place, by which, in each individual unit of the colony, the polypide 
degenerates m>m time to time, and becomes a ' brown body.' A new polypide is 
then formed as an internal bud from some part of the old zooecium, and soon 
becomes the functional digestive system of the latter. 

In Oirisia, one of the Cycloetomata, not only are the polypides periodically 
renewed, but the zooeda themselves, or even whole branches of the colony, may 
be regenertfted. This regeneration of parts other than the polypides is a subject 
which has hitherto attracted comparativelv little attention. 

In the early spring, submergea stones from suitable localities may be found to 
be covered by the discoloured stumps of colonies of Crista which grew in the 
preceding year : and it may be seen that here and there a young zooecium or 
branch, noticeable from its pure white colour, is being budded out from an appar- 
ently dead stump. 

Tills regenerative process may take place in various ways. For instance, an 
old zooecium may form a fresh aperture, and again become tenanted by a polypide ; 
or it may grow out into a rootlet or into a growing-point, which will, in course of 
time, give rise to a complex branch. If a rootlet is formed, it may acquire a con- 
siderable length, and then either give rise to a fresh stem as a lateral branch, or it 
may after a time take on the characters of a growing-point, so that the new stem 
is the direct prolongation of what was at first an ordinary rootlet. It is well 
knovni that the rootlets formed during the normal life of the colony have also this 
power of giving rise to fresh stems. 

More commonly the new branches formed from the stumps of old colonies are 
developed from the old joints ; sometimes from the lateral joints, at the points 
where old branches have been thrown off; and sometimes from the axial joints, at 
the points where old axial intemodes have been lost. Or if the fracture of a 
branch has taken place across an internode, the broken surface of the intemode 
has the power of developing a fresh growing-point, which ultimately gives rise to 
a new branch. 

In certain species of Crista the aperture of the zooecium has the form of a long 
tube. In the lower parts of the colony it is generally found that these tubular 
portions have been lost, and that the part of the zooecium which is left behind is 
protected from further injury by the development of a calcareous diaphragm, which 
prevents foreign bodies from falling into the cavity of the zooecium. Diaphragms 
of this nature have been described m a considerable number of Cydostovnata, If a 
Crista colony be stained and made transparent, it is found that a zooecium which 
possesses a diaphragm contains a brown body, but no functional polypide. Here 
and there it will be noticed that a polypide-bud is being developed below the 
diaphragm. With the further development of this bud, the diaphragm is absorbed, 
the mouth of the zooecium again growing out into a lon^ tube, which terminates in 
the aperture from which the tentacles of the now functional polypide can be pro- 
truded. 
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On the British Species of Crisia. 

By 

Sidney F. Harmer, H^A.^ B.Sc*^ 

fellow and Lecturer of King's College, Cambridge. 



With Plate Xn. 



This paper will be followed by a further memoir^ which will 
treat of the development of the ovicells and of the embryos in 
Crisia. I have already published a preliminary note^ on this 
subject^ and I hope to be able to complete the preparation of 
the more detailed paper without much delay. 

It has often been pointed out that the subdivision of the 
Cyclostomatous Polyzoa into genera and species is attended 
with peculiar difficulties. The character of the zooecia remains 
remarkably constant throughout this group^ the systematic 
study of which is not facilitated by the presence of subsidiary 
structures^ such as the opercular avicularia^ and vibracula, 
which in the Cheilostomata form so valuable a means of 
distinguishing the species. 

The task of finding satisfactory specific characters within the 
limits of the genus Crisia is not less difficult than in other 
genera of Cyclostomata^ as is seen clearly enough by 
examining the numerous works which have already been 
devoted to this genus. Smitt^ for instance^ in his critical 
analysis of the Scandinavian forms^ has asserted that the 
delicate C. geniculata is connected by a continuous series of 
intermediate forms with the coarse form which he calls C. den ti- 
culata^ and which he regards as the extreme point which has 
^ ' Proe. Cambridge Philosoph. Soc./ vol. vii, part 2, 1890, p. 48. 
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been reached iu the evolution of the genus. In his later works 
he consistently refers to the latter "species^* as Crisia 
eburnea^ forma denticulata^ and is of opinion that the 
" species '' recognised by other authors are, for the most part, 
merely partially fixed points in a continuous series. Most other 
writers, on the contrary, regard these forms as so many distinct 
species. 

In many of the characters used for distinguishing the several 
species of Crisia from one another — such as the mode of 
branching, the number of zooecia in an internode and their 
individual shape, the position of the ovicells, &c. — each species 
may vary within wide limits about a certain average. The 
most satisfactory specific characters appear to me to be fur- 
nished by the ovicells; and in this respect I am only confirming 
the results previously arrived at by Waters^ for other Cyclo- 
stomata. Indeed, I believe that in many cases the species 
cannot be certainly identified unless ovicells are present. 
Unfortunately, in the great majority of works referring to 
Crisia, the information given with regard to these structures 
is of the most unsatisfactory character. Many writers, for 
instance, have mentioned the existence of " pear-shaped " 
ovicells in certain species; but this character is of generic 
much more than of specific importance, and the same remark 
might be made with regard to many of the other characters 
which have been ascribed to the different species. 

The importance of the form of the aperture of the ovicell, 
as a specific character, has almost entirely escaped the notice 
of previous writers.' Busk' has merely stated that the existence 
of a tubular aperture on the ovicell is a generic character of 
Crisia. 

1 "Ovicells of Cjclostomatoua Bryozoa/* 'Linn. Soc. Journ. Zool./ 
vol. zx, p. 276, and in other places. 

' Waters has, however, called attention to the importance of this character 
in several works. See 'Quart. Journ. Qeol. Soc.,' vol. xl (Nov., 1884), 
p. 676. 

■ "Report on the Poljzoa," Second Part, '"Challenger" Rep.. Zool.,' 
vol. xvii, part 50, p. 2. 
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A comparison of the ovicells (and especially of their aper- 
tures) of various forms of Crisia has led me to the conclusion 
that the British fauna includes more species of that genus than 
are usually recognised. Although the constant occurrence of 
a particular form of ovicell might possibly be explained by the 
assumption of a definite correlation between the variations of 
the zooecia and of the ovicells (the ovicell being regarded as a 
modified zocecium), I do not think that this would give a sufS- 
cient explanation of the facts. I find, indeed, that the essential 
characters of the ovicells are extremely constant, in spite of 
the occurrence of variations of no inconsiderable magnitude in 
other parts of the colony. 

The following specific diagnoses, which are necessitated by 
the results which I have arrived at, have been drawn up 
on the model of those given by Hincks in his well-known 
' History of the British Marine Poly zoa.' New lists of synonyms 
appear to me to be also necessary, in spite of the recent appear- 
ance of Miss Jelly's admirable catalogue,^ to which I must 
express my great indebtedness. My lists do not profess to be 
more than a selection of those works in which particular 
species have been described or figured in sufficient detail to 
make their identification fairly probable. In many cases I have 
been obliged to give up the attempt to identify the species to 
which the description refers. 

C. denticulata, Lamarck. Plate XII, figs. 1 — 3. 

Zoarium large, erect, of rather straggling habit; the 
average height of well-grown colonies about one inch; the 
branches well separated from one another, and with very 
little tendency to curve inwards. Internodes broad and 
flattened, but usually with a slight convexity running longi- 
tudinally along their anterior face, frequently with a double 
curve of such a character that if the lower part of the 
internode is convex towards the right side (e. g.) the upper 

1 E. C. Jelly, * A Synonymic Catalogue of the Recent Marine Bryozoa/ 
London, 1889. 
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part is convex towards the left side ; in most cases with an 
odd number of zooscia, the dominant number of which 
appears to be 11. Branches arising fairly high in the inter- 
node^ usually from the 3rd^ 4th^ or 5th zooscium of either side ; 
nearly always given off in perfectly regular alternation on 
opposite sides of the axis. Each internode with an odd number 
of zooecia is normally provided with a single branchy while the 
even-numbered internodes are, with rare exceptions^ branch- 
less. Joints of the zoarium and of the rootlets nearly always 
jet-black, except in the youngest parts of the colony. Basis 
rami situated very low down on the zooecinm, and appearing as 
if wedged in between the zooecium which bears it and the next 
zooecium below it on the same side. Zooecia entirely adnate 
with the exception of a short portion, of variable length, which 
bears the aperture, and which is bent forwards; a pointed pro- 
jection sometimes occurring at the outer and upper angle of 
the aperture. O vice 11 large^ always high in the internode^ 
usually near the end of a branch, and, like the zooecia, more 
thickly covered with pores than in the other British species ; 
its aperture inconspicuous, not borne on a prominent tube. 
Rootlets usually with black joints, which occur at more fre- 
quent intervals than in C. ramosa. (See also measurements 
on p. 177.) 

C. luxata. — 

(1) Fleming.—* Hist, of Brit. Animals/ Edinburgh, 1828, p. 540. 

(2) Couch.—' Cornish Fauna/ part ill, Truro, 1844, p. 99, pi. xviii, fig. 3. 
C. denticulata.— 

(9) H. Milnb-Edwakds.— " M6m. sur les Crisies," • Ann. Sci. Nat.,' 

2« sir,, * Zool.,* tome ix, 1838, pi. vii, fig. 1. 
(4) Johnston.—* Brit. Zoophytes,' 2nd ed., London, 1847, p. 284, pi. I, 

figs. 6, 6. 
(6) CABTJS.~'Prodromu8 Faunn Mediterranett,' vol. ii, Stuttgart^ 1889, 

p. 39. 
C. denticulata (pars). — 

(6) Busk.— 'Cat. Marine Polyzoa Brit. Museum/ part 3, 1876, pi. i?, 

figs. 1—4. 

(7) Hincks.— 'Hist. Brit. Marine Poljsoa,' London, 1880, p. 422, 

pi. Wi, figs. 7, 7a, 
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C. eburnea^ Linn. Plate XII, fig. 6. 

Zoarium forming dense tufts, usually attached by a single 
stem, the base of which does not, in most cases, develop many 
rootlets ; the average height of well-grown colonies from 4 to 
f inch ; the branches characteristically curved inwards. Inter- 
nodes usually short, somewhat flattened; in most cases with 
an odd number of zooecia, the dominant numbers being 5 and 
7. Branches generally arising from the lowest zooecium in 
an internode, sometimes higher up ; one branch is normally 
developed from each odd-numbered internode, even-numbered 
internodes being ordinarily branchless. On the main stem 
or the principal branches^ the branches come ofl' in regular 
alternation on opposite sides : nearer the growing-points, they 
are arranged in compound helicoid cymes, of the formula^ — 
(« + r.) + 

L (n + rd -h 

L= (« + n) + 

Joints yellow, or colourless near the growing-points, some- 
times becoming dark brown in the older parts of the colony. 
Basis rami short, not wedged in between two zooecia. Zooecia 
almost entirely adnate, the upper portion, which bears the 
aperture, free, bent forwards nearly at right angles to the lower 
part ; frequently a conspicuous pointed process on the outer 
side of the aperture. Ovicell large, curved inwards, usually 
replacing the second, or, less often, the third zooecium of an 
internode; its aperture conspicuous, elongated from side to 
side, borne on a very distinct tube, which is wider at its base 
than at its summit. Rootlets usually developed in very small 
numbers. (See also measurements on p. 177.) 

C. ebarnea. — 

(4) JoHH8TOH.~F. 883, pi. 1, figs. 8, 4. 
(6) Caxub.—P. 88. 

^ This methofl of representing the branching is ei^Uined on p. 146. In 
tbe above formula n would usuallj be 5, less often 7 or higher numbers. 
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(8) Smitt. — '* Om Hafs-Brjozoernas utveckling och fettkroppar," 

* Ofvers. af K. Vct.-Akad. Forhandl./ 1865, No. 1, p. 9, pi. i, 
figs. 15-18. 
C. ebnrnea (pars). — 

(9) Smitt. — "Krit, forteckn. ofTer Skandinaviena Hafs-Brjozoer," I, 

< Ofven. af K. Yet.-Akad. Forhandl./ 1865, No. 2, pi. x?i, 6gs. 
10, 11, 18-19. 

(6) Btjsk.— PL ii, figs. 1, 2 ; pi. v, figs. 1, 2. 

(7) HiNCKS.— P. 420, fig. 21 (p. 416). 
C. ebarnea, forma eburnea. — 

(10) Smitt. — " Bryosoa marina in regionibus arcticis," * Ofvers. af K. 

Vct..Akad. Forhandl.,' 1867, No. 6, pp. 444. 461. 

(11) Smitt.—'* Recensio Syst. Bryozoorum Noraja Semlja," ibid., 1878, 

No. 3, p. 12. 

(12) Smitt.—" Recensio Bry. e mari arctico," ibid., 1878, No. 7, p. 23. 
(18) Frbbse.— " Beschr. Ostsec Bryozoen," 'Arch. f. Naturg.,* 54, 

Jahrg., Bd. i, 1888, p. 81, pi. ii, fig. 18. 

C. aculeata, Hassall. PI. XII, fig. 4. 

Zoarium of very delicate habit, resembling that of the next 
species, from which it may be distinguished by its much 
slenderer appearance; the average height of well-grown 
colonies from ^ to f inch, the branches with very little ten- 
dency to curve inwards. Internodes usually short, often 
consisting of five or seven zooecia ; but much longer internodes, 
with more numerous zooecia, may occur, especially at the ends 
of the branches. Branches usually arising from the 1st or 
2nd zocecium of either side of an internode, but sometimes 
(especially in the case of internodes near the ends of the 
branches) higher up : an internode (especially a peripheral one) 
may bear two or more branches. In nearly all colonies, in 
addition to the ordinary branches, some of the internodes bear 
long, jointed spines, which are curved inwards over the anterior 
side of the branch ; these spines are most often developed from 
the lower zooecia of an internode, or at the apices of the 
terminal internodes. Joints yellow, or colourless near the 
growing-points. Basis rami usually short, not wedged in- 
between two zooecia. Zooecia with a conspicuous, free, tubular 
portion, bearing the aperture; this portion is curved forwards^ 
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but not as in the last species; it is usually lost in the zocBcia of 
the lower parts of the colony. ' Aperture circular^ with no pro- 
jection on its outer side. Ovicell small, fairly high in the 
intemode^ prominent near its upper eud^ and falling away very 
suddenly to the aperture, which lies on the surface of the 
zocecium next above the ovicell on the same side of the 
internode ; this zooeciuna curves round the back of the ovicell^ 
and always acquires a characteristic relation to the aperture of the 
latter; this aperture is inconspicuous, and is never borne on 
a distinct tube. Rootlets resembling those of C. ramosa. 
(See also measurements on p. 177.) 

G. acaleata. — 

(14) Hassall.— « Cat. of Irish Zoophytes," * Ann. and Mag. Nat. Hbt./ 

vol. vi, 1841, p. 170, pL vii, figs. 3, 4. 
(16) 8upp. to ' Cat./ ibid., vol. vii, 1841, p. 366. 
(4) Johnston.— P. 285. 

(16) Smitt. — ** Bidr. till kann. om Hafs-Bryozoernas utveckling," 

* Upsala Univ. Arsskrift,' 1863, p. 3. 
Smitt agrees with van Beneden (20) in stating that the ovioells are 
completely closed. 

(17) JoLiBT. — '* Cont. k i'hist. Bryozoaires, Cotes de France," ' Arch. 

Zool. Exp. et G6n.,' vol. vi, 1877, p. 286. 
C. eburnea, var. acuieata. — 

(6) Busk.— P. 4. 

(7) HnfCKS.— P. 421, pi. \vi, figs. 5, 6. 

(18) JuLUEH.— "Liste des Bry. rec k fitretot," 'Bull. 8oc. Zool 

France,' t. vi, 1881, p. 14. 

(19) Vine. — '* Kep. on Recent Marine Polyzoa," ' Brit. Association Ke- 

port,' Aberdeen Meeting, 1885, p. 588. 
C. eburnea. — 

(8) MiLNE-EDWAans.— PI. vi, fig. 2. 

P (20) P. J. VAN Beneden. — *' Bech. sur TAnat Bryozoaires 

.... Ostende," * Nouv. M^m. de I'Acad. de BruxeUes,' t. xviii, 
1845, pi. iii, figs. 12—16. 
Van Beneden states that the ovioells are dosed on all sides ; and 
this statement is more likely to have been made of C. acuieata (in 
which the aperture of the ovicell is very inconspicuous) than of C. 
eburnea. The specimens figured are by no means unlike C. acuieata, 
bat they have no spines. 
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P G. eburnea (pan).— 

(9) SiOTT.— PI. XTi, ags. 12tf, Ub. 

On p. 136 of Smitt*8 paper it is explained that these figures repre- 
sent young ovicells (of C. eburnea), without tubular apertures. 
It may, however, be remarked that an ovicell, with the contents shown 
in fig. 126, would probably have had a well-developed tubular aper- 
ture if it had really belonged toC. eburnea; and, further, that there 
is evidence (see above, No. 16) that Smitt has worked at the ovicells 
of C. aculeata. Ibid., table of formulas, Nos. 2, 3 (see explanation 
of the formula), and probably some of the later formuln. 
P C. denticulata (pars). — 

(6) Btjsk.— PI. iii, figs. 1—6. 

Notice the spine in fig. 6. In the other figures, the character of 
the branching and of the basal internodes, and the small number of the 
pores appear to me to prove that this plate does not refer to C. 
denticulata, and that it probably refers to G. aculeata. 

C. ramosa^ n. sp. PI. XII» figs. 10^ 11. 
Zoarium erect, often of rather straggling habit; the 
average height of well-grown colonies about } inch ; the 
branches (in well-grown specimens) arranged in fan-shaped 
systems, owing to the large number of branches given off by 
the terminal internodes, and with little or no tendency to curve 
inwards. Internodes often much flattened, of very variable 
length ; often very long, and consisting of numerous zooecia ; in 
this case often with a well-marked double curve^ as in 
C. denticulata (and, to a less extent, in other species 
Branches developed in greater numbers than in any of the 
other British species ; even in the lower parts of the colony the 
internodes commonly be&r two branches, while the terminal 
internodes, and especially those which bear ovicells, may give 
rise to as many as four or five branches, which do not neces- 
sarily come off alternately on opposite sides of the stem. The 
lowest branch of an internode very commonly comes off from 
the second zooecium of one side ; if the lowest branch arises 
from the first zooecium of the internode, the next branch is 
usually given off by the third zooecium of the opposite side. 
Joints yellow, or colourless near the growing-points, never 
black. Basis rami long, usually reaching the aperture of the 
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zooecinm next below it on the same side^ unless it is borne by 
the lowest zoGecium of an internode. Zooscia usually with a 
]ong^ free, tubular portion bearing the aperture ; this portion is 
distinctly curved forwards^ but is usually lost in the older parts 
of the colony; in other cases this tubular portion is not 
developed to more than a very slight extent. Aperture circular^ 
without auy pointed projection on its outer side. Ovicell 
very large^ and more regularly pear-shaped than in any of the 
other species ; usually a little higher in the internode than in 
C. aculeata, but in some cases it may occupy as low a position 
as that of the fourth member of the internode; it is perhaps 
most commonly in the position of the 6th — 8th member ; its 
aperture circular, borne on a long and very conspicuous 
funnel-shaped tube^ which is considerably wider at its summit 
than at its base. Rootlets often developed in considerable 
numbers^ sometimes attaining a great length (nearly an inch)^ 
and composed^ for the most part, of long segments, separated by 
yellow or colourless joints. (See also measurements on p. 177.) 
(The following list includes references to several forms of 
Crisia which, as explained below, I do not believe to be 
identical with C. ramosa.) 

P C. cribraria. — 

(21) Stikfson. — ** Synopsis of the Marine Invertebrata of Grand Manan 
[Bay of Fund;]," * Smithsonian Oonts. to Knowledge,' vol. vi, 
1864. 
This species may be identical with C. ramosa, in which case my 
own specific name will have to be given up. The sooBcia are described 
as being " so crowded as to form often two or three longitudinal rows, 
in which they are usually opposite " (p. 18). I do not see how such 
a statement could be made of C. ramosa. The figures given (pi. i, 
figs. 8a — c), although not unlike that species, are not drawn with 
sufficient care to enable a satisfactory conclusion to be arrived at. 
? C. arctica. — 

(82) M. Sabs.— "Geol. og Zool. Jagtt. anst. p. en Reise Trondhjems 
Stift.," Ghristiania, 1863. 
The zoarium of this form is said to reach the height of 80 mm. ; 
the branches and the zooDcia are straight, or nearly straight ; the inter- 
node possesses, on each side, two to three, often eight to twelve, rarely 
twenty to twenty-one sooeciat The species is said to resemble C, 
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denticulata and C. cribraria. It differs, according to Sars' 
description, from my own specimens in the following respects. 

Tlie zooBcia are fused with one another along their whole length, so 
that the upper part, with the aperture, is not free. The outer and 
upper angle of the young zooDcia may bear a small kuob (never observed 
in G. ramosa). The joints are usually uncoloured, but sometimes 
brown-grey in the older branches (usually yellow in C. ramosa). The 
ovicells are always in the axils of the branches, and they are not 
described as having an aperture (which can hardly be overlooked in 
C. ramosa). 

On the whole, Sars' description suggests'a form like C. denticu- 
lata or C. elongata, M.-£dw. It is, perhaps, the form figured by 
Smitt (9) in pi. xvi, fig. 20. The '' basis rami" in this figure is unlike 
anything I have ever seen in C. denticulata, although resembling 
that of C. ramosa. 
C. eburnea (pars). — 
(2) Couch.— P. 99. 

Some of the larger specimens mentioned by Couch probably belonged 
to this species : the ovicells are " somewhat urn-shaped with narrow 
tubular necks, which are not placed in the centre." This description 
probably refers to C. ramosa, although the "young specimens" in 
which the branches " all arch inwards " doubtless belonged to C. 
eburnea. The magnified figure (pi. xviii, fig. 3), which is not good, 
may be identified as C. aculeata by the presence of a spine; and 
the figure next to it (natural size) is probably either that species or 
C. ramosa. 
P C. eburnea (pars). — 

. (8) Smitt.— Fl. xvi, fig. 9, and p. 135 (fig. 6). (These figs, may refer 
to C. aculeata.) 
P C. eburnea, var. — 

(6) Busk.— PI. v, figs. 6—10. 
P C. denticulata (pars). — 
(6) Busk.— PI. ii, figs. 3, 4. 
• (9) Smitt.—* Table of Formula/ Nos. 14—17, and probably some of 
the earlier numbers (e. g. 12 and 13), which are said to belong 
either to C. eburnea or to be transitional from this form to 
C. denticulata. It is hardly possible that a form with so many 
branches arising from the same intemode as in No. 17, for in- 
stance, was really C. denticulata. 
(28) Smitt.— "Floridan Bryozoa," Part 1, 'Kongl. Svenska Vet.-Akad. 
Handl.,' B. x. No. 11, 1872, pi. i, figs. 1—5. 
I do not feel certain that the form described in (28) is really iden- 
tical with C, ramosa, although it can hardly be regarded as C, 
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denticnlata. The form of the zocscia is very similar to that found 
in C. ramosa; but, on the contrary, the ovicells do not agree with 
those of the latter. If the left side of fig. 5 represents a young 
ovicell (probably somewhat broken), the oyicelis are even less like 
those of G. ramosa in their early than in their fully developed con- 
dition. Is this form possibly identical with the one described by 
Stimpson (21) under the name of C. cribrariaP 
(7) HiKCKS.— P. 423. 

The statement that the ovicells of G. denticulata have ''a 
tubular orifice at the top " was possibly made after an examination of 
G. ramosa ; especially as, on the same page of Hincks's work, occurs 
G. denticulata, var. a (to which pi. Ivi, fig. 9, presumably 
belongs) ; and there can be little doubt that this is really G. ramosa. 

C. denticulata, var, tenuis. — 

(34) ViGELius.— " Gat. of the Polyzoa . . . Willem Barents," * Nied. Arch, 
f. Zool. Supplementb.,' i, 1881-2. 
This form is said to correspond closely with Uinoks's unnamed variety 
just referred to. It is, however, impossible to accept tenuis as a 
specific name, since the name G. tenuis had been applied by Mac- 
Gillivray to an Australian species before the appearance of the paper 
by Vigelius (see F. McGoy, " Prodromus of the Zool. of Victoria," 
'Decade' iv, pi. xxzix, Melbourne, 1879. 

? G. fistulosa.— 

(6) Busk (non Heller).— P. 5, pi. vi a, figs. 1, 2. 

Even if this form is identical with the species under consideration 
it is better to drop Busk's name, since the specific name fistulosa 
was originally applied by Heller to a form which is clearly not the one 
described by Busk (see Waters, No. 26). 

Through the kindness of Mr. R. Kirkpatrick I have been enabled to 
refer, at the British Museum, to a specimen of the form described by 
Busk ; and I have also to thank Mr. Kirkpatrick for having subsequently 
given me further information on the same subject. The specimen in 
question is labelled ''G. fistulosa, Hell., locality unknown. LesinaP" 
I am informed by Mr. Kirkpatrick that the label is in Mr. Busk's hand- 
writing, with the possible exception of the last word ; and that the 
specimen is probably really from the Mediterranean. 

The specimen in the British Museum is even more like my own 
species than is obvious from Busk's description, which, in Mr. Kirk* 
Patrick's opinion, was probably taken from that specimen. As many as 
five branches may come off from the same intemode, and some of them 
higher than the sixth zooecium, which, according to Busk, is their upper 
limit. The ovicells, of which only two could be satisfactorily 
examined, a^ree fairly well with those of the Plymouth form. Their 
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diameter is aboat *45 mm. Mr. Kirkpatrick further informs me that 
the distance from aperture to aperture is *4 mm.^ and that the total 
length of the sooscium is about 7 mm. Although these numbers are 
distinctly smaller than the average measurements of corresponding 
structures in C. ramosa, I am inclined to believe that my own 
specimens belong to the same species as the one in the British Museum. 

Waters (26), in ' Ann. and Mag. Nat. Hist./ 6 ser., vol. iii, 1879, 
p. 269, pi. zxiii, fig. 4 ('* Bryozoa of the Bay of Naples "), identifies 
G. fistulosa, Busk, with what he calls C. elongata, var. angustata. 
I cannot, however, believe that G. ramosa is identical with the form 
described by Waters. Although the number of socecia iu the intemode 
in G. ramosa may be large, this species could hardly be characterised 
as having fourteen to twenty-six zooecia in the intemode ; nor does 
the description, "branches arising usually from the fifth to eighth 
zo<Bcium of a branch, and at about the same distance a fresh branch 
grows on the other side," correspond with the branching of G. ramosa. 
As Mr. Kirkpatrick has pointed out to me. Waters' statement that 
the zocBcia are *04 mm. apart was no doubt due to an oversight. 

For further remarks on G. fistulosa, Busk, see Vine (19), p. 589. 

The characters of the ovicell are so constant in my specimens 
that, taken in conjunction with other facts, I cannot resist the 
conclusion that this form deserves recognition as a species. 
Although it is obviously alluded to in some of the works just 
quoted, I cannot identify it with certainty with any form which 
has hitherto received a specific name ; and I therefore suggest 
for it the name C. ramosa, in allusion to the large number 
of the branches given off by a single internode. 

C. ramosa has been found in large numbers at Plymouth, 
where it is certainly the commonest of all the forms of Crisia. 

While the identification of fully developed colonies of Crisia 
— in those cases at least where ovicells are present — cannot often 
be a matter of doubt, it may be extremely difficult to identify 
the species to which a small fragment of a colony or a young 
zoarium belongs. The greatest difficulty is found, in these 
cases, in distinguishing C. eburnea from C. aculeata, or 
the latter species from C. ramosa. The characters of the 
several species can be best brought out by a careful comparison, 
under a series of distinct heads, of their more obvious external 
features. 
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Habit of Zoarium at Different Seasons ; Begeneration. 

A very slight acqaaintance with the British forms of Crisia 
enables one to distingaish at a glance^ in most cases^ the 
species to which a given specimen belongs. C. denticulata 
is characterised by the coarseness of its general habit ; by the 
regalar dichotomous appearance of the branchings as seen by 
the naked eye; and by the fact that the branches diverge from 
one another to such aa extent that they are separated from one 
another by considerable interspaces at their ends. In C. 
ebnrnea the branches are inflected towards the axis of the 
colony^ and are so closely massed together that it is impossible 
to study the exact character of the branching without first dis- 
entangling the branches. On flattening the specimen out on a 
slide the cymose character of the branching is at once appa- 
rent. C. aculeata possesses a characteristic delicacy of habit 
(^^of a slenderer habit than C. eburnea^ which the species 
closely resembles"^); and it may be compared^ in external 
form^ to a C. ebnrnea which has become of much laxer and 
slenderer habit than usual^ and in which comparatively few 
branches have been developed. The branches are much 
straighter than in C. eburnea. C. ramosa is extremely 
similar^ in general appearance, to C. aculeata^ but is of dis- 
tinctly coarser habit ; the branches are very straight, and the 
number of the branches to which the internodes near the grow- 
ing-points give rise results, in actively growing colonies, in the 
formation of fan-like systems of branches. The long tubular 
apertures of the zooecia (if developed) give a characteristic 
appearance to the species, which cannot, however, in all cases 
be distinguished by the naked eye from C. aculeata. 

The above remarks apply especially to colonies iu their fully 
developed condition; but the appearance of any species de- 
pends largely on the time of year at which it was found. 
Many of the specimens of C. eburnea found in the early 
spring are provided with numerous ovicells, the ultimate fate 
of which seems to have hitherto attracted no attention, although 
1 Johnston, G., * A Hist, of the British Zoophytes,' ed. i, p. 286. 
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there can be no doubt that these structures disappear after the 
end of the breeding season. I have looked in vain for any signs 
of the absorption of the ovicells in Crisia; and the following 
facts probably imply that they are simply thrown off from the 
colony after the liberation of the embryos which have been pro- 
duced in them. 

The typical spring form of C. eburnea possesses a con- 
spicuous main stem, which forms an obvious central axis^ from 
which the rest of the colony comes off as a series of branches^ 
developed in regular alternation on opposite sides^ and decreas- 
ing in size fairly regularly from the base to the summit of the 
colony. The main stem consists of perhaps eleven or twelve 
internodes^ each of which normally gives rise to a branch ; 
and the branches themselves are usually provided with a 
profusion of ovicells^ many of which are still in process of 
development^ and most of which are near the ends of the 
branches. 

In a colony of the same species found in May most of the 
ovicells were at some distance from the ends of the branches^ 
owing to the development of several (7 — 8) zooecia above the 
ovicells ; and the branches which bore ovicells had^ in most 
cases^ completely finished their growth : very few ovicells^ and 
these of a weakly appearance^ were being developed. Most of 
the branches ended in slender internodes^ in which growth was 
no longer taking place^ as was shown by the fact that no grow- 
ing-points were left. The exhaustion of the colony was further 
shown by the fact that some of the terminal internodes con* 
sisted of no more than two or three zooecia^ with no growing* 
points. 

In the summer (August) large and highly branched colonies 
with active growing-points are found, but they are nor- 
mally without any trace of ovicells. In many of these cases 
it may be noticed that the main stem has been broken, and is 
merely represented by its basal portion. The rest of the colony 
will, in this case, probably consist of a small number of large 
branches given off from the remains of the stem or of its 
lateral branches, and in many cases the sharp contrast between 
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the clean white appearance of these highly branched parts of 
the colony and the dirty-brown appearance of the stump of the 
main stem, covered as it is by foreign growths of various kinds, 
will give rise to the suspicion that the former have been de- 
veloped at a later period than the latter, and that the latter 
are the remains of colonies which developed ovicells at an 
earlier period of the year. 

Smitt^ has called attention to the fact that the free tubular 
portion of the zooecium of C. geniculata is sometimes rela* 
tively transparent, and that it is separated by a sharp line from 
the basal, more highly calcified part, and he suggests that this 
transparent portion has in these cases been regenerated. He 
further points out^ that in Aetea argillacea (=Aetea 
truncata, forma abyssicola elongata^) this process of re- 
generation seems to be periodic, since a zooscium consisting of 
portions of three different ages was in one case observed by him ; 
and that in Farrella fusca (sVesicularia fusca^) the 
zooecium may attain twice its normal length by the occurrence 
of this regenerative process.^ Milne-Edwards^ had previously 
pointed out that the zooecia were able to form rootlets at an 
advanced period of their existence. 

There can be little doubt that Smitt's suggestion is a correct 
one. InC. eburuea the older parts of the colony are fre- 
quently covered with an encrusting red seaweed, the presence 
of which has no doubt been responsible for the "rose-red'* 
colour which has been mentioned by Johnston^ and others as a 
feature which sometimes characterises the species. In certain 
specimens found in April the basal parts of the colonies were 
completely covered by this encrusting growth, while in various 

» * Ofvers. af K. Vet.-Akad. Forbandl.,' 1865, No. 2, p. 128. 

* "Om Hafs-Bryozoernas utveckling och fettkroppar," * Ofvers./ &c., 1865, 
No. 1, pp. 29, 30. 

» * Ofvers..' &c., 1867, No. 5, p. 280. 

* * Ofvers.,' &c., 1866, pp. 502, 605. 

* Ibid., pi. xiii, fig. 39, and explanation of figure. 

* ' Ann. Sci. Nat.,' 2« s^r., " Zool.," torn, ix, 1838, p. 196. 
7 •British Zoophytes,' ed. 2, p. 284. 
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parts perfectly white growing points or new apertures were 
making their appearance. Similar phenomena of regeneration 
have been repeatedly observed in all the species which I have 
examined. Thus the first glance at an ordinary colony of G. 
ram OS a will suffice to show that the tubular ends^ so charac- 
teristic of the young zocecia, are absent in the lower parts of the 
colony^ where they have been either broken off or absorbed. The 
socBcia which are in this condition are closed by an obliquely 
placed diaphragm, as described in Oris i a and other Cyclo- 
stomata by Waters/ Fergens,' and others. On staining a 
specimen of C. ramosa without decalcification, it is at once 
obvious that these diaphragms are used for the closure of 
20(Bcia which contain brown bodies but no functional polypides. 
They are placed at the point where the zooecium normally 
becomes free from the internode, and the free portion becomes 
gradually broken away or absorbed down to the point where 
the diaphragm is situated. In the younger parts of the colony, 
where the zooecia possess free tubular ends, no diaphragms are 
present, and functional polypides or obvious buds, together 
with the brown bodies formed by the death of the last poly- 
pides, are found in nearly all the zooecia. 

The individual life of the zocecium has not, however, neces- 
sarily come to an end with the formation of one of these 
diaphragms, as may be easily proved by the examination of 
suitable spring colonies which have been stained with borax 
carmine without decalcification. Whilst zooecia in which no 
regeneration is taking place are closed by a diaphragm and 
appear perfectly unstained, the red colour of the regenerating 
parts is obvious at the first glance. The first indication of the 
renewed activity of a zooecium is given by the fact that some 
of the cells below the diaphragm have acquired the power of 

' A. W. "Waters, "Closure of the Cyclostomatous BryoEoa," 'Linn. Soc. 
Journ. Zool./ vol. xvii, 1884, p. 400; "Fossil Cjclostomatous Bryozoa from 
Australia/' 'Quart. Journ. Geol. Soc.,' vol. xl, 1884, p. 676. 

' £d. Pergens, " Eefisioa des Brjozoaires du Cr^tac^ figur68 par d*OrbigDj/' 
1« partie, " Cyclostomata," * Bull, de la Soc. Beige de Geol./ &c., tome iii, 
1889, p. 317. 
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taking up colouring matters; slightly later a young polypide 
bud is seen below the diaphragm^ which is then absorbed^ the 
zooecium growing out (in C. ramosa) into a long tubular 
portion^ at the end of which is the aperture.^ In C. ramosa 
the free portions of regenerated zooecia are sometimes con- 
siderably longer than the normal length of the tubular portion. 
In one case the regenerated portion^ which was completely free 
from the branchy was *69 mm. long. 

It is well known that new stems are given off from various 
parts of the rootlets.' These rootlets are usually developed 
from the backs or sides of the zooecia^ especially of those near 
the base of the colony. But in cases where regeneration is 
actively taking place the tip of a branch may grow out into a 
rootlet^ or a rootlet may take the place formerly occupied by a 
zooecium^ usually one of the terminal zooecia of an internode in 
this case.' The rootlet thus formed may grow for a considerable 
distance^ and finally produce a new stem as a lateral branch ; 
or the new stem may be the actual prolongation of the rootlet^ 
which, after a longer or shorter course, assumes the characters 
of a stem. In other cases a new growing-point is formed 
from an old joint at the point where a lateral branch or an axial 
internode has previously been lost ; or it may be formed from 
the apex of an internode in which the fracture has taken place 
across the middle of the internode, instead of at an axial joint. 
The result of this is that it is very common to observe an old 
brown stem from which start new interuodes (lateral or axial), 
which are shown, by reason of the perfectly white appearance 
of their ectocyst, to have been formed at a much later period 
than the brown part of the stem. In one or two cases a 
growing-point had started from the proximal side of a broken 
joint, and had then given rise to a stem which grew in a direc- 
tion directly opposite to that of the internode from which it 
was developed. These cases are somewhat analogous to the 

* This is the process which was observed bj Sinitt in G. geniculata. 
» Cf. Smitt, "Krit. Fort.," i, 'Ofvers.,' &o., 1865, p. 122. 

* These statements refer, for the most part, to C. eburnea and to G. 
ramosa. 

VOL. XXXII, PART II. — ^NEV^ SEB. K 



Digitized by 



Googk 



144 SIDNKT F. HABMER. 

cue described by Smitt^^ iu which a " basis rami" had given 
rise to a normal branchy and also to a growing-point directed 
straight downwards from its base, which was formed by the 
proximal end of the ** basis rami/' from which it was separated 
by a joint. 

Although regenerated lateral branches may start from the 
old lateral joints, it is not uncommon to find that they are 
given off from near the end of the old internode, instead of in 
their normal position lower down ; this is due to the fact that 
the aperture of an old zooecium has become a growing-point. 

In colonies in which the process of regeneration is com- 
mencing, it is frequently noticed that the young growing- 
points are appreciably smaller than the normal ones. These 
small growing-points naturally give rise to slender zooecia and 
branchesi which^ however, as they grow longer, acquire fresh 
strength, and soon regain their normal diameter. The regene- 
rated parts of a colony are, consequently^ often joined to the 
older' parts by slender bases, in which, moreover^ the basal 
internodes may consist of an unusually small number of zooecia. 
In both these respects they resemble colonies which are deve- 
loped directly from the larva, or from a growing-point which 
starts from the rootlet of an old colony. 

It is important to notice that, so far as my observations go, 
the regenerated parts of a colony always retain the same specific 
characters as the older parts. I have looked in vain for any 
indications which might have been given by regenerating 
colonies that the forms of Crisia described above as distinct 
species might be merely different phases of the same species. 

The general life-cycle of C. eburnea may probably be sum- 
marised as follows : — ^The breeding season is at its height in 
April and May ; and at about this period it is not difficult to 
find young individuals which consist of a single zocecium 
attached by a disc-like base, and which have resulted from the 
metamorphosis of a free larva; small colonies are soon formed 
by these primary zooecia. At firsts rootlets may be altogether 
absent, and in many colonies they are developed very sparingly ; 
> Loc.cit., p. 126. 
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but when formed, some of them give rise to fresh sterns^ which 
are the starting-points of new colonies. Or^ again^ some of the 
specimens found in the summer have resulted from colonies 
which developed ovicells in the earlier part of the year, and 
which, after losing these structures, again burst out into 
renewed growth ; in some cases leaving a single ovicell on the 
colony as some indication of their past history. In the spring, 
ovicells, when present at all, are found in large numbers, and 
those well-developed colonies which do not possess them at 
this period are probably in most cases of the male sex. Thus, 
in order to find spermatozoa in April, it was generally quite 
sufficient to select any colony in which there were no ovicells, 
while spermatozoa were not discovered in any of the cases in 
which ovicells were present. 

In the early spring the discoloured stumps of colonies which 
grew during the preceding year are found ; from various parts 
of these, new growing-points are developed, and give rise to the 
colonies found at a slightly later period. The production of the 
enormous number of embryos then developed seems to exhaust 
the energy of the colony, whose growth practically ceases for a 
time, many of the branches being thrown off. After a period 
of rest, growth recommences with great vigour, and by the 
middle of the summer large and highly branched colonies are 
again found, although now, as a rule, with no ovicells. 

Kumber of Zocooia in the Intemode, Hode of Branohing, &o. 

Most of the previous accounts of Crisia merely mention the 
limits between which the number of zooecia in the interuode 
may vary in the several species. Thus Hincks^ says of 
C. eburnea, "8 — 9 cells in an intemode/' while Johnston* is 
a little more explicit, stating that '^ there are from two to 
five, sometimes seven, and very rarely even nine, cells in each 
internodial space '^ in the same species. It appears to me that 
it is quite impossible to define accurately the several species 

^ 'British Marine Folysoa,' p. 421. 
' * British Zoophytes/ ed. 2, p. 284. 
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without paying careful attention both to the number of sooecia 
in the individual internodes and to the character of the 
branching. Smitt^ is the only writer who has done this in a 
thoroughly satisfactory manner, and it will be convenient to 
make use of a modification of a graphic method of repre- 
senting the characters of the colony which he was the first to 
introduce.* 

In this method the limits of each internode are indicated by 
brackets, in which is a number denoting the number of zooecia 
in the internode; r indicates a branch, the position of which 
is further shown by means of a number : thus ,r, e. g., indicates 
a branch given off from the first (lowest) zooecium of an 
internode on the left side, while r, indicates a branch given 
off from the second zooecium on the right side of the inter- 
node; finally x indicates the growing-point, and Ov. an ovicell. 
A key to the method may be obtained by referring to fig. 6, 
the formula of which is included on the formula on p. 154, as 
explained on that page. 

Thus many of the characteristic features of C. denticul ata 
(figs. 2, 8) may be represented by the formula — 

(8)+(9+,r)-h(10)+(9+r,)-h(9+.r)-h(ll+r4)+(n+,r)-h(13+r.)-h(9+,r)-h(8-h*^ 

L(13+,r)+(10) + (7+r,)+(4+x) 



=(ll+,r)+(ir) 
=(ll+r.)+(10)-h(lH-4r) + (8)-hW *"^'^ 



'=(*) 



l=(B+0r.-h2+,r-h«) 



=(10)+(9-|-r,)+(6+(?».+5+«) 

L 



U 



(8+*) 



(9+Op.+6+r,+*) 

'=(8+*) 



> ' 6rrers. af-K. Vet..Akad. Forhandl.,' 1866, p. 115. 
* Loc. cit., p. 139. 
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— ^representing the axis of a branch given off by the main stem 
of a colony, together with all the ramifications of two of its 
secondary branches. 

It will be noticed that nearly every internode develops a 
single branchy and that the branches come off in regular 
alternation on opposite sides of consecutive internodes of 
every axis. Although the number of zooecia in the internode is 
very variable^ eleven may be regarded as the number most cha- 
racteristic of the species. 

The above formula further shows that every branch-bearing 
internode whose development is complete possesses an odd 
number of zooecia, while in completely developed internodes 
which bear no branch the number is even. Although this rule 
is not quite absolute^ it is difficult to find any exception to the 
striking rule that a branchless internode has an even number 
of zocecia ; or^ conversely, that an internode with an even 
number (whether this number is large or small) of zooecia 
bears no branch. It may be pointed out that even if the 
branches have been broken off, their previous presence can be 
ascertained by the existence of the basal articulation from 
which they formerly sprang. 

It may further be noted that a lateral branch is, with very 
rare exceptions, produced on the side of the basal zooecium of 
the internode (PL XII, fig. 2). 

The regular alternation of the zocecia of the aixis of any 
branch is not disturbed by the development of an axial joint; 
and the last zocecium of the internode below the joint nearly 
always projects beyond the penultimate zocecium (which 
belongs to the other side) in the form of a free tube (fig. 2). 
Since the branch-bearing internode has an odd number of 
zooecia, and since the branch is developed on the side of the 
basal zoGBcium, it follows that the last zooeicum, which is 
produced into a free tube, will also be on the same side as 
the branch. A moment's consideration will show that the 
basal zooecium, the branch, and the terminal {^* produced ") 
zooecium, in any internode, will normally be on the opposite 
side to that on which these structures are situated, both in 
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the internode below it and in the internode above it on the 
stem. 

But if an eyen-numbered internode is developed (fig. 2), 
its last zooecium will of coarse be on the same side of the stem 
as the last zooecium of the preceding internode ; and conse- 
quently the basal zooecium and the branch of the internode 
above it will be on the same side as its own basal zooecium^ 
and on the opposite side to the branch next below it ; or, illus- 
trating this by a formula^ we shall , as a rule, find cases like 
(18+ri) +(8) + (7+/), as shown in fig. 2. 

Thus, stating the same fact in another way, an even- 
numbered and branchless internode may be intercalated in the 
stem without disturbing the alternate origin of the branches 
on opposite sides. The same is true of those cases where two 
even-numbered internodes occur consecutively on the same 
axis. 

The more closely one investigates unusual methods of 
branching in this species, the more obvious does it become 
that the growth of the colony is regulated by some well-defined 
law, which finds one of its expressions in the preceding rule. 

Thus it will be seen, by reference to figs. 2, 4, 6, and 11, 
that the basal zooecium of a lateral branch is on the abaxial 
side of the latter in all the four species referred to; and 
further, that the branch given off by the basal internode of an 
axis is also on the abaxial side. This is obvious enough for 
C. denticulata, from the formula on p. 146, where it will 
be noticed that, in the one case in which the basal internode 
has an even number of zooecia, the second internode develops 
the first branch, and that that branch (and of course the basal 
zooecium) is on the abaxial side. 

On two occasions abnormal branching of the type (9 + ^r) -f 
(13) + (11 +8^) ^a* noticed. Here an odd-numbered branch- 
less internode occurs ; but such cases seem to be rare. Since 
the number of zooecia in the branchless internode is odd, it 
follows that the basal zooecium, and consequently the branch, 
of the third internode will be on the same side as in the first 
internode. 
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In another case the formula (15 + r^) + (9) + (10) + {9+r^) 
was obtained^ and it is obvious that this is a further illustration 
of the same principle. 

In an axis, part of the formula of which was (13. + r^) + 
(14 + a** + Tg) + (11 + ^r), one of the internodes had two 
branches^ the first developed on the side of the basal zooecium^ 
and the second on the opposite side. Since the number of 
zocecia in this internode was even^ the regular alternation of 
the branches was not disturbed. Cases of this kind appear to 
be extremely rare. 

Another abnormal case, from a young colony, had the 
formula — 

+(5+r,)+ 

l=(7)-|-(6+r,)+(8)+(6)+(2+^) 

Here it is obvious that the whole of the lateral branch shown 
is very abnormal ; the first branch is developed by the second 
internode, which has an even number of zooecia; and it is on 
the same side as the basal zooecium of the first internode, and 
on the opposite side to that of its own internode. Here it must 
be supposed that the tendency to produce the first branch on 
the abaxial side has prevailed over the tendency to produce a 
branch on the side of the basal zooecium of an internode. 

In one case observed, in which the base of an old colony was 
regenerating fresh branches, two small growing-points were 
seen to have been formed, almost exactly opposite one another, 
from the same internode. If this growth had proceeded some- 
what further, it might not have been obvious that the abnormal 
character of the branching was due to the occurrence of regene« 
rative processes, in which the regularity which characterises the 
normal branching does not seem to be so marked. 

Some of these remarkable relations are obvious enough in 
the figures given by previous authors, none of whom seem, 
however, to have been struck with the general rule illustrated 
by these cases. Thus Milne-Edwards,^ in pi. vii, fig. 1 b 
(C. denticulata), shows a portion of a colony in which two 
» 'Ann. Sci. Nat.,' 2« s6r., "ZooL," tome ix. 
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internodes have an odd number of sooecia^ and in which, 
further, the branch and the basal zooecium are, in each iuter- 
node, on the same side. The third internode which is com- 
pletely figured has 10 zocecia, and possesses no branch. It must, 
however, be pointed out that in his fig. 1 a (C. denticulata, 
under slight magnification) Milne-Edwards represents most of 
the internodes as having an even number of zocecia; but it 
may probably be assumed that in this figure, which gives an 
excellent representation of the general appearance of the species, 
sufficient attention has not been paid to the details of the 
arrangement of the zooecia. Again, Bask^ figures, in the same 
species, two complete internodes, one of which has thirteen zooBcia 
and a branch, and the next has twelve zooecia and no branch. 

The relations above described are perhaps capable of being, 
to some extent, explained in the following manner. In the 
species of Crisia which I have examined, and, I have very 
little doubt, throughout the genus, the base of an internode, 
whether axial or lateral, is simply the basal part of the lowest 
zooecium of that internode, that part having been separated by 
the development of the joint from its upper or distal part. 
This will be intelligible on referring to PI. XII, fig. 1, repre- 
senting an axial internode in which only two zooecia are 
completely separated from the growing-point. The lowest 
zooecium of the internode is seen to be divided into two parts 
by the horny joint ; and the lower of these two parts forms the 
articulation to which the younger internode is attached. In 
examining the formation of the joint (whether axial or lateral) 
in stained specimens it is at once obvious that the alimentary 
canal of the youngest zooecium of the internode at first extends, 
through the tubular joint, into this lower portion ; confirming 
the statement made above with regard to the morphology of 
the base of the internode. 

It is thus clear that the occurrence of an axial joint in 
no ways disturbs the alternation of the zooecia (see any of 
the figures). The last zooecium of the older internode would 

» 'Cat. of Mar. Pol. in Brit. Museum,' Part III, " Cyclostomata," pi. iv, 
tig. 2. 
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OYerlapj and be fused with the next zooecium higher up on the 
same side if it were not for the development of the joint ; which 
is^ however^ formed in such a position across a zooecium as to 
leave the preceding zooecium in the characteristic '^ produced '^ 
condition which has already been described. In the ordinary 
type of branchings where successive internodes produce branches 
in regular alternation on opposite sides^ the number of zooecia 
must be odd if the branch is to be produced on the side of the 
basal zocecium in each internode. The formation of a new 
axial internode practically amounts to the transverse division 
of a zooecium, while the formation of a branch may be ex* 
pressed as due to the longitudinal division of a zocecium (at 
the growing- point). Suppose that the right side of an axis 
bears a branch (as in the lowest internode shown in fig. 2). 
The tendency of the growing-point to produce new branches 
alternately on opposite sides would normally result in the pro- 
duction of a branch from the left side of the next youngest 
internode; but if a lateral branch has not been produced 
by the time that a new axial joint is to be formed^ that axial 
joint would be, as a matter of fact, normally developed from a 
zooecium of the left side, as at the base of the third internode 
in fig. 2; and this implies the existence of an even number 
of zooecia in the second internode. The production of an even- 
numbered internode may thus be regarded as due to the alter- 
nate predominance of the two sides of the growing-point. The 
development of a lateral branch on the right side (e. g.) has 
apparently the effect of leaving the left side of the growing-point 
with an excess of vigour ^ so that when a new internode is 
formed — whether by the transverse division of a zooecium to 
form an axial joint, or by its longitudinal division to form a 
lateral branch — it is the left side (in this particular case) of the 
growing-point by which this division is effected. Division in 
the transverse direction results in the formation of an even- 
numbered internode, while the production of a lateral branch 
on the left side of the next succeeding internode restores the 
function of producing another axial joint to the right side of 
the growing-point. 
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That there are exceptions to this rule has been shown above 
by the description of odd-numbered branchless intemodes; but 
it must be remembered that these cases are rare. 

From what has already been said of the laws which regulate 
the growth of Crisia, it is obvious that a representation of a 
colony can easily be reconstructed from a formula of the cha- 
racter introduced by Smitt; and no further justification is 
required for the use of such formulae. 

In some specimens of C. denticulata the average number 
of zooecia in an intemode may be higher than in the one de* 
scribed; and the numbers 13^ 15^ 17, and even 19 are by no 
means uncommon. It may often be noticed that^ although inter- 
nodes consisting of any given number of zocecia do not seem 
to be arranged in any definite order in the colony, an indivi- 
dual colony may be characterised by the frequent occurrence of 
internodes with that number of sooecia. Thus if the dominant 
number^ in any particular case^ be 11 — and this seems to me 
the most common case — variations in the number of zooecia in 
the internodes of that colony will apparently take place about 
the number 11 as a mean ; so that^ although internodes of 9 or 
18 zooecia are common, there may be none of so many as 15 
zoeecia* But if the colony have many internodes of 15 zooecia, 
for instance, then it will probably be found that some of the 
other internodes have 1 7 or 19. 

If the growth of the branch be complete, so that no more 
axial joints are to be formed, the terminal internodes, and 
especially those which have produced ovicells, may have a 
larger number of zooecia than the internodes of the rest of 
the colony; and the number of zooecia formed before the 
growing-point exhausts its activity does not appear to be 
regulated by the laws which govern those internodes which 
are not terminal. But even the terminal internodes normally 
produce no more than a single branch (cf. C. aculeata and 
C. ramosa), the cases mentioned on p. 149 being the only 
ones in which two branches were noted to come off from the 
same intemode. 

The articulations of the lateral branches of this species are 
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alone sufficient to distinguish C. denticulata from the other 
British forms. They are situated at a very low level on the 
zooecia which bear them^ and each ''basis rami'' (Smitt) 
appears to he wedged in hetween two consecutive zooecia (fig. 
8), instead of being, as in other species^ distinctly apposed to 
the outer side of one zooecium (figs. 4^ 6^ 11). The branches 
usually originate from z^^ z^ or z^ ; less commonly from z^ 
or from z^. 

The joints, both of the zoarium and of the rootlets^ of this 
species are in nearly all cases of a jet-black colour, as recog- 
nised by most of the previous writers.* The young joints are, 
as in other species^ uncoloured; but the black colour is in 
almost all cases very speedily acquired. Smitt and Busk do 
not mention this as a specific character^ no doubt because they 
have given wider limits to the species than are accepted by 
most writers. 

The ovicelP in all species replaces an ordinary zooecium, 
and in this particular species it is usually borne on a lateral 
branchy and in most cases is situated at some distance above a 
joint. In the instances given in the formula on p. 146 the ovi- 
cell replaces the 4th, the 6th, or the 10th zooecium of an in- 
ternode. I have never seen it lower than 4th nor higher 
than 18th. It is usually very near the end of a branch, and 
this feature is well shown in pi. iv, figs. 2 and 4, of Busk's 
British Museum Catalogue (Part III). In one of my cases^ 
however^ thirteen zooecia occurred above the ovicell, and eleven 
below it, and very rarely a joint may be developed above it. 
If the ovicell- bearing internode develops a branchy that branch 
is very seldom given off from a position higher than the 
zooecium which corresponds to the ovicell on the opposite side 
of the branch. 

^ I. e. from the third zooBcium of eitlier right or left side : the side from 
which a branch comes off has no sigmficance unless considered in relation to 
other characters. 

' Cf. Fleming, J., 'Hist. Brit. An.,' p. 640; Johnston, A., * British 
Zoophytes,' Snd ed., p. 284; Hincks, T., ' Brit. Mar. Poljzoa,' p. 483; <&o. 

* See also p. 169. 
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The calcareous matter of the ectocyst is considerably thicker 
in C. denticulata than in any of the other British species. 

C. eburnea. Fig. 6. 

Although this species is not likely to be mistaken for C. 
denticulata^ I belieye that it is more nearly allied to that 
species than are any of the other British forms. This is shown 
by the flatness of the iuternodes^ by the fact that each inter- 
node has normally one branch, and by the characters of the 
apertures of the zocecia. 

The branching may be illustrated by the formula^ — 

(5+,r)+(5+r,) + (7+^)+(7+r,)-|-(7-far)+(7+r,) + (7+,r) + (*) 

'=(5+r,)+(7+ar)-f(5-fr,)+(7+,r)+f6-fr0+(7+ir)+(ar) 
=(6+,r)+ I 

'=(5+ir)+ I 

M5+ri)-f(5+,r)+(5-fr0 + (6-f,r-h:r) 

I =(5+r0 + 

'=(5+|r)+ I 

I '=(l + ^».-hlO+ri+ra-fx) 

=(l + 0p.+9-|-,r+jr) 



'=(*) 



=(8+r,+ar) 



'=(3+*) 
-^representing the partial formulaof a branch of a colony found 
in April, in which ovicells were very numerous. The oyicell- 
bearing internode on the right side of the formula is the one 
which has been represented in PI. XII, fig. 6. 

The tendency of the branches of this species to arrange 
themselves as unilateral sympodes is here most marked ; and 
the formation of these helicoid cymes — again borrowing a 
botanical term — is one of the most characteristic features of 
C. eburnea. This was recognised by Johnston,' who says of 
this species, " Polypidom much branched, the primary divisions 
alternate, spreading ; the secondary from one side only.'' It 
will further be noticed that in parts of a colony in which this 

^ See explanation of this graphic method given on p. 146. 
> < Brit. Zoophytes/ ed. 2, p. 284. 
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method of branching is well deyeloped, the intemodes compos- 
ing the sympode are usually made up of five zocecia^ and that^ 
although the branching may^ in other parts of the colony, take 
place from z^ (or rarely from z^ or z^, well-developed helicoid 
cymes are invariably composed of intemodes in which the 
branching takes place from z^. 

These helicoid cymes do not, however, agree with the method 
of branching defined under that term in text-books of botany, 
in that the main axes of the parts of the sympode are by no 
means suppressed. This is obvious enough from the formula, 
in which the first internode on the left side forms the basal 
member of a helicoid cyme developed on the left side of the 
branch ; but it is, at the same time, the basal member of a 
long axis, which develops new cymes alternately on opposite 
sides ; and the same is true of the other constituents of the 
sympodes. Thus each of the branches indicated in the formuU, 
with the exception of those which are quite near to the grow- 
ing-points, is again the basal member of a helicoid cyme ; and 
these cymes are consequently given off alternately on opposite 
sides, not only by the intemodes of the main stem, but 
also by the intemodes of its branches of the second, third, 
and other orders. The number of members of which these 
helicoid cymes are composed decreases fairly regularly in a 
centrifugal direction. 

Each internode is typically provided with one branch, and 
at the same time is composed of an odd number of zooecia, 
just as in C. denticulata. It is not uncommon, however, to 
find branchless intemodes, whose position in the colony may 
be illustrated by the formula— 

(5 + n) + (6) + (6 + ,r); 

and, just as in C. denticulata, these branchless intemodes 
nearly always consist of an even number of zooecia, most 
commonly of four or six, less often of two or eight. Ex- 
ceptions to this rule are somewhat less rare than in C. den- 
ticulata, which this species so closely resembles in its method 
of branching. The exceptions are more common at the base 
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of the colony than elsewhere. The branch is developed on the 
same side as the basal zooecinm of an internode, and the last 
zooecium is usually somewhat produced. In very rare cases, 
of which the specimen represented in fig. 6 is an example, two 
branches may be developed from the same internode. 

The articulations which bear the lateral branches are rela- 
tively short ; even when the branch is developed from z^ or z^ 
the " basis rami '^ is never wedged in between two zooecia, as 
in the last species ; and the joint which bears the branch is 
nearer to the aperture of the zooecium which has developed 
it than in C. denticulata. 

The number of zooecia is typically five or seven, the former 
number being especially characteristic of the members of a 
helicoid cyme. Aa in C. denticulata, the definiteness with 
which the colony grows is frequently indicated by the regular 
repetition of the same forms of internode in a branch. Thus 
the greater part of the main axis of the branch whose formula 
is given on p. 154 is composed of iuternodes of the type {T+r^) ; 
in the main axis of the branch given off by the second internode 
of that stem, (5 + r^) alternates regularly with (7 + ^r) until 
the end of the axis is nearly reached ; while in the next line 
but one will be seen the formula of a branch composed of units 
of the type (5 +ri) . The regular repetition of iuternodes of the 
type (5 + r^) in the formation of most of the helicoid cymes is 
a further illustration of the same thing. In many other cases, 
however, no such regularity of arrangement was noticed. In 
a colony found at Plymouth in August, the dominant number 
of zooecia was seven, although iuternodes with five zooecia were 
not uncommon. But, in correlation with this increase in the 
normal number of zooecia, it was found that several iuternodes 
of nine zooecia occurred, and two of eleven. 

In the terminal iuternodes the number of zooecia may be 
larger; in one case observed it was as high as twenty, no 
growing-point being left. 

The ovicell most commonly replaces the second zooecium of 
a lateral branch (fig. 6), and is consequently the basal member 
of its own (axial) side ; in other cases, however, the ovicell may 
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replace the third zooecium above a joint (and it is then abaxial)^ 
but it is very rarely found higher in the iuternode. A branch 
is never given oflf by an ovicelK 

As the age of the ovicell increases^ fresh zooecia continue to 
be added above it up to a certain point. The old ovicell seems 
to be always surmounted by a considerable number of zooecia; 
in the specimen shown in fig. 6 there are, in addition to two 
incompletely formed zooecia — the last that this branch would 
have produced — ten zooecia above the ovicell. It must be noted 
that in this and other similar cases all zooecia which are 
further from the joint than the ovicell are described as being 
above the latter. The second zooecium of the right side in 
fig. 6 may not, at first sight, appear to be in this position, 
although an examination of the lower end of the ovicell at once 
shows its real place in the series. 

A joint is seldom developed above the ovicell, and the growing- 
point usually completely exhausts its power of developing fresh 
zooecia after a certain period. 

The joints of this species are pale-coloured, or more usually 
yellow. In old parts of the colony the joints may become very 
dark, or almost black ; this is especially true of those parts 
which form the starting-point for the regeneration of fresh 
branches. The joints are probably never so dark as they are 
normally in C. denticulata. 

Smitt, in his valuable paper on Crisia,^ gives a series of 
formulae illustrative of the branching, &c., of the forms of this 
genus, and many of these formulae illustrate in a most instructive 
manner the tendency of some at least of the species of Crisia 
to develop even-numbered internodes without branches. In his 
explanation to No. 8 of this series Smitt expressly points out 
that, in Nos. 4 — 8, shorter branchless internodes may alternate 
with longer internodes which have developed branches. It is a 
noteworthy fact that the greater number of the branchless 
internodes shown in these formulae have an even number of 
zooecia, and that the number is odd in most of those internodes 
which have developed branches. This fact seems, however, to 
1 " Krit. Forteckn.," I, * Ofvers. af X. Vet.-Akad. Forhandl.,* 1865. 
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have eacaped Smitt's attentiou. It must further be pointed 
out that some of the exceptions to the rule which has been so 
much insisted on above are probably due to the fact that some 
of the formulse refer to C. aculeata^ as is admitted by Smitt 
in two of the cases. 

A very interesting abnormality of C. eburnea is figured in 
PI. XII^ fig. 5. The internode in question was the penultimate 
iuteruode of a branch of a thoroughly characteristic colony, in 
which no other abnormalities were detected. In addition to 
bearing two lateral branches in a very unusual position, at its 
upper end, this internode distinguished itself by producing 
three zooecia arranged in a row along the middle of its front 
surface, giving it, when seen from this side, an appearance very 
much like an Entalophora, for instance. The back of this 
internode appeared normal, and it was not obvious that any of 
the three growing-points borne by the internode was constructed 
in such a manner that it would have reproduced the abnormality 
in the next following internodes. 



"*© 



C. aculeata. Fig. 4. 

I believe this form, which is in many respects intermediate 
between C. eburnea and C. ramosa, and which was originally 
distinguished as a species by Hassall,^ to be a perfectly good 
species. Nearly all recent authors have regarded it as a variety 
of C. eburnea; this view is taken, for instance, by Hincks,' 
Busk/ Smitt,^ &c. Even Johnston,^ although inserting it as 
a distinct species, adds that he cannot persuade himself that it 
is more than a variety of C. eburnea. 

My belief in the specific distinctness of C. aculeata rests 
mainly on the characters of the ovicell; since a particular form 
of ovicell (shown in fig. 4) is invariably found on colonies of 

^ Hassall, A. H., 'Ann. and Mag. of Nat. Hist./ vol. vi, 1841, p. 170. 
» 'Brit. Mar. Polyzoa,' p. 421. 

* ' Cat. of Marine Folyzoa in Brit. Museum/ part iii, p. 4. 

* Loo. oit. 

» * British Zoophytes/ ed. 8, p. 285. 
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the aculeata type, and never occurs in any other type of 
colony. 

The method of branching and the number of zooecia in an 
intemode are far less constant than in the last two species. 
Some of the characters of C. aculeata may, howeyer, be 
illustrated by a formula^ using the letter s to indicate the 
position of a spine, in addition to the symbols which have been 
employed in other cases. 

Bootlet 

(i)+(4)-h(3)+(4+i*)+(9+ir+*,-hr^-h(7-h,r)-h(6+ri)-|-(7+ir)+(7+r,)-|-W 

L(5+Op.+10-f*i+r,-har)+W 
=(8+i*)+(6+ir)+(10+ri+,r)+(l+*) 




'=(1+4:) 
i=(6+Op.+6+a^+r4+*) 



'=(6+1^+^) 



The formula represents the whole of a main stem, given off 
from a rootlet, together with the whole of one of its lateral 
branches and a portion of another. In several important respects 
this formula differs from those which have been given of the pre- 
ceding species. It is by no means uncommon to find completely 
formed internodes which have an even number of zooecia ; and 
these even-numbered internodes do not conform to the denti- 
culata or eburnea type by being usually without branches. 
In some cases, indeed, an even-numbered intemode has no 
branch ; in other cases it has two branches, one on each side ; 
in others again it may have one branch, or it may have a spine, 
which^ as has often been pointed out, is a structure which may 
be regarded as a suppressed branch : like the true branches, 
the spine has horny joints at intervals, and is attached to the 

VOL. XXXII, PAST II. — ^NEW SSB. L 
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zooecium by means of a basal piece which is quite similar to 
that of a normal branch. 

The spines shown in fig. 4 have been artificially bent back- 
wards ; in their normal position they curve over the front of 
the branches. 

The number of spines developed on a colony is extremely 
variable ; in a few cases spines are altogether absent^ and the 
species could then hardly be distinguished with certainty from 
C. ramosa^ were it not for the presence of the characteristic 
ovicells. Although, in one or two cases observed^ an interaode 
had developed spines on all or nearly all its zooecia, it is not usual 
to find more than one or two spines on a single internode^ 
while a large proportion of the internodes of a colony do not 
develop any of these structures. The spines most commonly 
occur on the lower zooecia of an internodcj and are commonly 
in the position — 

or («+«, + *2 + fa); 

being found Ion the abaxial side if the internode is, as is often 
the case^ the basal member of a branch. 

The spines may, however, be developed in other positions ; 
thus it often happens that the last structure developed at the 
apex of a branch, before the growing-point ceases to grow, 
is a spine,^ which is situated on the axial side of the last 
zooBcium, and is consequently in the position of the terminal 
zooecium of the branch to the right of the ovicell in fig. 4. 

In the specimens (most of them from Plymouth or Roscofi^ 
which have come under my notice the presence of a single spine 
on a colony has been quite sufiScient to enable the species to be 
identified with certainty as C. aculeata. It is perfectly true 
that the lower parts of the zoarium may have an eburnea- 
like appearance ; but the colony, if well grown, seems always 
to acquire the aculeata form of the zooecia and internodes 
towards the ends of the branches. 

I have in no case found an ovicell of the type shown in fig. 6 

1 Cf. C. acuminata, Busk, '"Challenger" Rep./ part 50, pi. iii, ^g. I. 
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(C. ebumea) on a colony which, from the presence of spines 
or from other characters, was found to belong to C. aculeata. 
I cannot admit that there is sufficient evidence to show 
that this form is merely a variety of C. ebumea. Both 
in the form of its zooBcia and in its method of branching 
it is totally unlike this form, although it is sometimes with 
difficulty distinguished from C. ramosa. 

The branches of C. aculeata are usually slightly incurved^ 
but not nearly to the same extent as in C. eburnea; and it 
does not possess the well-developed helicoid cymes of the 
latter species. Many of the internodes bear two branches^ 
usually on opposite sides, but more rarely on the same side. 
In well -developed colonies the terminal internodes, and espe- 
cially those which possess ovicells, are commonly provided 
with two branches. 

The number of zooecia in an internode is extremely variable ; 
it is usually small in the lower internodes of a stem, such 
jiumbers as 1, 2, 3, and 4 being common in this position. Tbe 
next parts of the stem, and the basal parts of the lateral 
branches given off by it often assume an eburnea-like appear- 
ance, the internodes consisting of 5. or 7 zooecia. At the ends 
of well-developed branches the number usually becomes 
higher ; a terminal internode with 22 zooecia has been observed, 
although this number is higher than is usually the case. 
When the terminal internodes have many zooecia they usually 
bear two branches; but if the number of zooecia is still larger 
the number of branches may increase to as many as five. 

The position of the branches is. another very variable 
feature. In the lower parts of a colony the branching takes 
place commonly from z^ ; while higher up, although some of 
the branches still come off from z^, others are given off quite as 
commonly from z^, and in many of these cases the zooecium 
below the branch, and on the same side, bears a spine. 
Branching may, however, take place from the higher zooecia of 
an internode, as from z^ or z^ ; and when several branches 
come off from the same internode, those which are last 
formed have a very high position in the internode. The 
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most striking case observed illustrating this point had the 
formula — 

(7 + Or. + 11 + fj + r, + r, + .r + r^ + «). 

It cannot fail to be remarked that the character of the 
branching is much more variable in this species than in 
C. eburnea. 

The joints are usually yellow ; the articulations which bear 
the branches are usually shorty and are then very similar to 
those of C. eburnea; in some cases, however, they acquire 
the form characteristic of C. ramosa. 

Near the ends of the branches, where most of the zocecia 
have polypides, the ends of the zooecia are, in most cases, long 
free tubes, and are thus strikingly different from those of 
C. eburnea. The free portions of the zooecia are either 
gradually bent forwards from the point where they leave the 
branch, or they may be bent forwards at a distinct angle from 
this point. The curvature of the zooecia is, in either case, 
different from that of C. eburnea. The zooecia are dis- 
tinctly longer and more '' loosely aggregated " than in that 
species; and the branches are usually of slenderer habit (as 
recognised by Johnston^). 

The ovicell is nearly always higher in the internode than in 
C, eburnea. In the average of a considerable number of 
observed cases the ovicell was in the position of the 5th — 6th 
member of the internode above the joint, and thus replaced 
^s ^^ 8^' ^^ ^^^ ^^® ^^^ ovicell replaced the 8th zooecium, 
and in another it was the 8rd unit of the internode ; in no 
case was it found lower. 

The stem is not usually jointed above the ovicell ; and fig. 4 
is, consequently, a somewhat exceptional case. As in the pre- 
ceding species, the ovicell is normally borne by a terminal 
internode ; and a considerable number of zooecia may be added 
above the ovicell. 

> *Brit. Zoophytes/ ed. 9, p. 286. 
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C. ramosa, n. sp. Fig. 11. 
Some of the characteristics of this species are well exhibited 
by the formula' — 

(7+,r+rJ+(lH-gr)+(10+r,+,r)+(6+r,+«) 

L(12+gr+r«)+ 

l=(6+0».+7+,r+4r+f.+.r+#) 
L(6+,r+«) 

=(8+,r+r,+«) 
l=(9+0«'.+7+r,+«r+r,+^+«) 



Ml 



l=(8+«) 



'=(1+*) 

'=(1+*) 

The branching is seen to be very similar to that of C. a Ga- 
lea ta> but the tendency^ already manifested by that species^ to 
develop more than one branch from an internode^ is here 
carried much farther^ so that a considerable proportion of the 
internodes have two branches each^ while the terminal inter- 
nodes^ if the colony is well grown, will be found to have at 
least two each. 

The rule relating to odd- and even-numbered internodes, so 
characteristic of C. denticulata and of C. eburnea, here 
breaks down altogether, as, indeed, was the case to a consider- 
able extent in C. aculeata. Odd-numbered internodes are 
not much commoner than even-numbered ones, and either kind 
may produce one or more branches, or be altogether branchless. 
The first branch of an internode is, however—as in other 
species — nearly always developed on the side of the basal 
zoGBcium, and the last zooBcium of an internode is very often 

' It is obvions that, in the case of the ovicell -bearing internodes, some of 
the branches are given off above the ovicells. For the purposes of the 
formula, however, the ovicell is counted as an ordinary member of the inter* 
node. A branch is probably never developed from the uviccli itself. 
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situated on the side on which the last branch is developed^ 
thus causing the position of the basal zooecium of the next 
iiiternode^ and consequently of the first branch of that inter- 
node, to be on the opposite side. 

Just as C. eburnea is^ on the whole^ characterised by 
branching from z^ so this species may be said to branch nor- 
mally from z^, or to produce branches on the type {rn+H+if)f 
where n usually represents z^ or z^. 

The extent to which this must be taken as a general rule 
may be understood by the following analysis of the complete 
formula of a well-developed colony : 



(1) Intemodes with oue brancbj originating from z^ 

(2) Branches arranged on the type {r^+^r) . 

(3) „ ' „ „ (ri+,r) or (r,+,r) 

(4) „ „ ,. (ra+/-) 

(5) » ' „ „ (rj-f ,r) 

(6) « , .> n (ri+Z-J 

(7) M „ » (r,-|-4r) 

(8) One branch only, originating from Zi 

(9/ »• » >j *i 

(10) „ „ „ «4 

(11) »> M Jl *| 



Namber of Cases. 
24 
5 
5 

1 

5 

1 

2 
2 
8 
7 
3 



Total number of internodes which had developed branches 63 
Only eight of the completely developed intemodes were 
branchless. Thus in this particular colony^ in which no ovi- 
cells were present^ and in which no internode possessed more 
than two branches — 
30 p. c. of the branching intemodes bore two branches ; 
38 p. c. „ n „ one branch, originating from z^. 

32 p. c. M >, „ „ ,, from other 

eocscia. 

100 p. c. 

Or^ adding together Nos. 1 to 4, the cases in which the branches 
come off from z^, or in which the second branch is two zooecia 
higher than the first, we find that these cases amount to 55'5 
per cent, of the total number of branching intemodes, and this 
may be taken as a case which does not exaggerate this feature 
of the branching. 
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Since some of the internodes which bore branches were 
immatare^ and had not had time to develop -more than one 
branchy the figures would have been slightly different if the 
growth of the colony had been complete. 

The symmetrical character of the branching noticed in other 
species is also found in C. ramosa. Thus the branches 
originating from an internode whose formula was {l^i + ^r+r^) 
developed altogether five internodes from which new branches 
were given off; in two of these cases the branch was borne by 
z^, in two more by Zg, and in the last case by z^ and other cases 
of the same kind may easily be found. 

The symmetry of the branching comes out with special 
clearness in the case of some abnormalities, of which the 
formula given on p. 163 is an example. Two consecutive inter- 
nodes of the main stem represented in the formula give off 
internodes whose formulae are identical. One of these gives off^ 
on its right side^ a lateral branch consisting of a single long 
internode bearing an ovieell, and the other gives off a precisely 
similar branch on its left side. Both of these ovicells have the 
same deformity, having developed a constriction at a particular 
point near their upper end ; and it will further be noticed that 
the symmetry extends, to some extent, to the branches given 
off by the internodes which bear these ovicells. 

Fig. 12 represents an abnormal ovieell or zooecium of a type 
found in more than one colony. The growing-point appears to 
have started with the intention of developing an ovieell^ and 
then to have altered its original purpose, and to have developed 
the incipient ovieell into an abnormal zooecium. This alteration 
of purpose may have been due to the failure of the young 
ovieell to develop the egg^ which is normally found in the 
immature ovieell. 

The point which immediately concerns us at present is that 
each of two consecutive internodes of the same stem of this 
particular colony developed lateral branches^ one on each side 
of the stem, and that each of these lateral branches bore an 
ovieell of this peculiar '^suppressed" form. The same colony 
* * Proc. Cambridge Philosoph. Soc./ vol. vii, p. 48. 
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possessed two more of these suppressed oyieells, two ovicells 
showing other abnormalities^ and several normal oyicells. 

In another colony a normal ovicell^ with a '^suppressed'' 
ovicell on a lateral branch on each side of it, was noticed. 

In another case (fig. 13) a single internode bore no less than 
four ovicells, and the colony to which this belonged possessed, 
in different parts^ four internodes, in each of which two ovicells 
had been developed. It may be noted that the occurrence of 
two ovicells, side by side, in the same internode, is described 
by d'Orbigny^ in C. patagonica, apparently as a normal 
feature of the species. 

These cases, and the general remarks which have been made 
with regard to the branching of various species of Crisia, 
show that the growth of the colony is even more definite in its 
character than would appear from a superficial examination, 
and that in each particular species the tendency to vary is sub- 
ordinated to certain principles of growth, which give rise to the 
special symmetry which characterises the species. 

The number of zooecia which compose an internode is even 
more variable in C. ramosa than in any of the other species. 
Oenerally speaking, the number is smaller near the base of the 
colony, and larger near its periphery, although this rule is by 
no means absolute. The length of the internode depends 
mainly on the number of zooecia it possesses. The longest 
which was measured was a terminal internode in which growth 
had ceased, and which consisted of 28 units, of which the 10th 
was an ovicell; its total length being slightly more than 7 
millimetres. These long intemodes usually show a well-marked 
double curve, like a much elongated S, just as was remarked 
inC. denticulata; and they commonly bear 3, 4, or even 6 
branches. 

The appearance of the intemodes depends greatly on the 
condition of the zocecia. Near the ends of the branches the 
zooecia generally have very long tubular mouths, and, for the 
most part, contain a functional polypide. This is especially 

* D'Orbigny, A., * Voyage dans rAm6rique m^ridionale/ tome ?» 4*partie, 
1839 and 1846, p. 7, p!. i, 6g. 1. 
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true of actiyely growing colonies found early in the year : at a 
later period^ when growth is less energetic^ the apertures may be 
much less prolonged^ and in many cases they are not more 
prominent than in some specimens of C. denticulata^ even 
in the case of those zooecia which are not closed by a diaphragm* 
Lower in the stem the tubular mouths are^ in most cases, lost ; 
the zooecium is closed by an oblique diaphragm, and no poly- 
pide is present. The internode is then a flattened structure, 
in which the apertures of the zooecia project eyen less than in 
C. denticulata. 

In an interesting abnormality found in August^ two promi- 
nent tubular apertures occurred, side by side; the extra 
zooecium being in the position which would normally have been 
occupied by a basis rami. 

Busk^ has made rather a point of the fact that in C. conferta 
the free tubular portion of the zocBcium is not a mere produc* 
tion of the peristome, but presents ^* the same puncturation as 
is seen on the rest of the cell." This is certainly the case in 
C. ramosa and in C. aculeata, and to a less extent in C. 
denticulata. C. eburnea is, in fact, the only species I have 
examined in which the tubular portion is usually merely a thin 
prolongation of the peristome. 

The average position of the ovicell is somewhat higher than 
in C. aculeata; but that it varies greatly in position is ob- 
vious from the formula — 

It has never been noted to be lower than 4th in the internode ; 
but it is seldom so low as this. The branch may be jointed 
above the ovicell, although most commonly the ovicell is borne 
by a terminal internode, which usually possesses at least two 
branches. When several branches are developed, two of them 
are usually developed not far above the ovicell, one on each 
side of the internode, whilst the other branches are developed 
from the lower parts of the internode. This is the case in 
> ' Catalogue .... Brit. Museum/ part iii, p. 7. 
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fig. 11^ and in both the above-cited formulae in which the ovi- 
6ell replaces z^ and Zj respectively. 

The joints of this species are yellow^ or more rarely brown. 
They are never black. Rootlets are very freely developed from 
the base of the stem^ and they may attain a great length. 
They usually originate rather low on the zooecia and from their 
lateral edges. As in other species^ they become very firmly 
attached to stones and other objects^ and form creeping stolons^ 
from which (as well as from rootlets which are not attached in 
this way) fresh stems may originate. The colonies do not so 
often consist of a single main stem as in C. eburnea. It is 
frequently remarked that the longest and most branched parts 
of the colony are lateral branches^ and not parts of the main 
stems. 

Ovioells. — In C. ramosa (figs. 10^ 11) theovicells are consi- 
derably larger than in any of the other species (see figures^ all of 
which are drawn to the same scale^ and table of measurements 
on p. 177). They are regularly pear-shaped, their main axis 
being straight ; they are much inflated above, their curvature 
dimiuishiug gradually in all directions from their most pro- 
minent portion. The aperture is in the form of a distinct 
funnel-shaped tube, which is considerably smaller at its base 
than at its mouth ; and the mouth of the funnel, the actual 
aperture of the ovicell, is more or less circular. In the shape 
of the aperture this species differs from all the other British 
forms. 

The tubular aperture is of course not present in incompletely 
developed ovicells : an account of the development of the ovi- 
cells will be given in a forthcoming paper. It must also be 
noted that the aperture is liable to be broken away in old ovi- 
cells, and that in many cases, where the ovicells or their con- 
tents are not normally developed, the tube itself is not formed. 
In normal and completely developed ovicells the shape of the 
aperture is, however, a perfectly characteristic and constant 
feature. 

C. aculeata (fig. 4), which in some other respects is so 
similar to C. ramosa, has a much smaller ovicell than that 
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species (compare fig. 4 with fig. 11).^ Its shape is very charac- 
teristic^ its most prominent portion being considerably nearer 
its distal end than in C. ramosa. From this point the ovicell 
slopes off very suddenly towards its aperture, and more gradu- 
ally towards its base, although this latter slope is steeper than 
in C. ramosa. The aperture is not borne on a distinct tube, 
but it lies in a characteristic position on the zooecium next 
above the ovicell^ on the same side of the internode. This 
zooecium curves forwards round the back of the ovicell^ the 
aperture of which is situated on it at the point where it makes 
its appearance above the ovicell. 

In C. eburnea (fig. 6) the ovicell is large — considerably 
larger than in C. aculeata. Since the base of the internode 
which bears it is distinctly curved inwards, the ovicell itself 
has the same curvature at its base, as is best seen when the 
ovicell is looked at from the side. The ovicell is well inflated, 
and slopes away more gradually from its most prominent point 
than in C. aculeata. The aperture is quite characteristic; 
it is borne on a tube-like structure, distinctly broader at its 
base than at its free end, and instead of being circular, as in 
C. ramosa, it is transversely elongated, its lower border being 
often slightly convex towards thc^ centre of the aperture. 

In C. denticulata (fig. 3) the ovicell is fairly large, and 
usually becomes level with the flat surface of the internode 
near its base, the distal portion of the ovicell being very pro- 
minent. The aperture is not situated on a well- developed 
tube ; it is not, however, on the surface of a zooecium, as in 
C. aculeata, but is situated between two zooecia, and it is 
very nearly sessile on the top of the ovicell, as was the case in 
C. aculeata. 

In all four species the aperture is connected with the top of 
the ovicell at the point where the latter joins the front surface 
of the internode. 

The importance of the form of the aperture appears to have 

' It must, however, be pointed out that the ovicell of C. ramosa may be 
smaller, and that of C. aculeata larger, than in the particular specimen! 
figured. 
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been almost completely overlooked by all previous writers on 
Crisia. The aperture is often said to be absent^ as indeed it 
may be in injured or abnormal ovicells. As will be seen from 
a later communication, a normal ovicell is, according to my 
observations, never without an aperture from the time when 
the ovicell is first developed at the growing-point to the time 
when embryos are ready to escape from the ovicell. The cal- 
careous aperture is, however, throughout the development 
closed by a thin cuticular membrane, and the presence of this 
membrane sometimes makes it difficult to see the aperture in 
those cases in which this structure is not borne on a distinct 
tube. 

On breaking open an ovicell (fig. 10) it will be noticed that 
the aperture leads into a space partially separated from the 
rest of the ovicell by a valve-like structure of calcareous 
nature. This valve has very definite relations to the structures 
found in the interior of the ovicell^ as will be described in my 
subsequent paper. It springs from the posterior wall of the 
ovicell^ and passes obliquely forwards^ being also attached to 
the lateral walls of the ovicell in such a way as to leave a more 
or less oval opening connecting the main cavity of the ovicell 
with the aperture of the latter. The valve is most developed 
at the back of the ovicell, and gradually dies away laterally as 
it passes to the front wall of the ovicell, where it no longer 
forms a distinct ridge. 

This valve is developed in all the four species which are 
specially discussed in this paper, but it appears to be less well 
developed in C. eburnea than in the other species. 

Note on C. cornuta, Linn., and C. geniculata, M.-Edw« 

Until quite recently I had devoted no particular attention 
to these forms, the specific identity of which appeared to be 
perfectly established by such statements as those of Smitt,^ to 
the eflPect that they may both occur as branches of the same 
stem. But^ having recently found some ovicells of C. geni- 
culata, I cannot help believing that the two forms are speci- 
» * Ofvers./ &c., 1865, No. 2, p. 128. 
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fically distinct, and a more careful examination of C. cornuta 
has convinced me that Smitt's statement may be explained 
in such a way that it is unnecessary to follow him in his con- 
clusion. 

Even if the two forms are not really distinct, it appears to 
me worth while to call attention to what would then be an in- 
teresting case of a definite variation of the ovicells correlated 
with the presence or absence of spines on the zooecia. 

C. geniculata consists typically of a series of internodes, 
each of which is composed of a single zooecium ; from opposite 
sides of this zooecium arise a pair of branches which are not quite 
at the same level. An excellent figure of this form is given in 
Busk's ' British Museum Catalogue ' (part 3), pi. i, fig. 2. On 
comparing this figure with fig. 7 on the same plate (representing 
C. cornuta), it will be seen that C. cornuta exactly resembles 
C. geniculata as far as those zooecia which bear two branches 
are concerned; but that, as Busk points out (p. 3), one of the 
branches is usually replaced by a jointed spine. 

It is obvious that spines will be absent in C. cornuta if 
two branches are developed from each zooecium. Further, the 
' spines are very readily broken off, and a close examination is 
then sometimes necessary to discover the small basis with which 
the spine articulates. Erom one or other of these causes I have 
several times observed branches of normal coloniesof C. cornuta 
having a close resemblance to C. geniculata; and this may 
be the explanation of Smitt's statement referred to above. 

In every case in which I have observed the ovicells — although 
I must add that I have not obtained many ovicells of C. geni- 
culata — I have noticed the following characteristic differences 
between the two forms ; a reference to Busk's figs. 2 and 10 
(1. c, pi. i) shows that the forms examined by Busk were 
similar to those which I have myself found. Busk's fig. 4 (C. 
geniculata) does not, however, quite agree with the specimens 
which I have examined. 

The ovicell of C. cornuta (fig. 9) is the basal and only 
member of its own intemode ; it bears a lateral branch on each 
0ide| th^se branches originating at not exactly the same level. 



Digitized by 



Googk 



172 SIDNEY F. HAEMEB. 

After the branches have been givcD off, the ovicell becomes 
perfectly free, and is in this part considerably inflated. The 
tubular aperture arises near the back of the ovicell, and is 
usually bent somewhat backwards from its point of origin ; so 
that, in looking at the branch from its '* front '' surface, the 
base of the tubular aperture is nearer to the observer than its 
distal end. 

In C. geniculata, on the contrary, a common arrangement 
is as follows: — The basal member of the internode is an ordinary 
zocBcium (figs. 7 and 8), which gives rise to the ovicell as the 
second member of the internode. Immediately above the 
ovicell is another zooecium, which gives off a lateral branch 
near the level of the upper end of the ovicell. The basal 
zocecium itself gives off a branch on the opposite side to the 
ovicell. The internode may thus be represented 



(l-hOr.+l) 
iV r, (counting the ovicell as the basal member of its own side). 

The ovicell itself is distinctly smaller than in C. cornuta, and 
is not much inflated at its upper end. Its tubular aperture is 
most distinctly bent forwards from its base, sometimes at a 
very sharp augle, and the actual aperture is smaller than in C. 
cornuta. Moreover, the ovicell is not free, us in the latter 
species ; the upper zocecium of the internode being closely 
attached to its back along the greater part of its course. This 
zooecium ultimately becomes free from the ovicell, and curves 
forwards above the upper end of the latter. 

In other cases the ovicell may be the third member of the 
internode, each of the two zooecia below it giving off a branch ; 
and two zooecia, each bearing a branch, may occur above the 
ovicell. The commonest arrangement seems to be either that 
given in the above formula, or the occurrence of three branch- 
bearing zocecia, one of which is below the ovicell and the other 
two above it (cf. Busk's fig. 2) . The ovicell is, in any case, not 
the lowest member of the internode, and one or two zooecia 
are always attached to its back. 

C. genicula^ta is a slenderer and more delicate form than 
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C. cornuta, its zooecia being distinctly longer and thinner than 
in that species; and spines seem to be never developed. As 
already remarked, however, parts of the colonies of C. cornata 
may be devoid of spines. , 

Breeding Period and Oconrrenoe of Species. 

The specimens from which the following statements are made 
have been received at various periods from February to the end 
of August. I have to offer my best thanks to those who have 
most kindly assisted me by supplying me with material ; and 
especially to the staff of the Marine Biological Association, 
Prof. H. de Lacaze-Duthiers, and Mr. J. Sinel. 

The dominant species at Plymouth is certainly C. ramosa ; 
although, strangely enough, I have not been able to obtain this 
form from any other place, except from a bottle found in the 
Morphological Laboratory at Cambridge. The contents of 
this bottle came either from the Channel Islands or from Arran I 

At Plymouth, C. ramosa is found commonly at depths from 
4 to 30 fathoms. It is particularly fond of growing on stones, 
but is found on other objects — e. g. glass bottles, shells, red 
seaweeds, Cellaria, and sponges. When it grows in the last 
position it appears to be in danger of being killed by the sponge, 
which grows over its branches. The Crisia is, however, gene- 
rally able to keep pace with the growth of the sponge, so that 
only the basal parts of its colonies are killed, or at least prevented 
from having functional polypides by the sponge. The speci- 
mens growing at 4 — 6 fathoms were usually much more luxu- 
riantly branched than the few specimens which I received 
from 20 — 30 fathoms ; and ovicells were obtained only from 
those growing under the first set of conditions. 

C. eburnea is also common at Plymouth, but is almost 
always found on red seaweeds or on Sertularia. The restric- 
tion of various species of Crisia to particular seaweeds, &c., 
has been often noted by previous observers. 

Winther^ has stated that, in the Danish forms of this species, 

• * G.Winther, ** Fortegnelse over de i Danmark hidtil fundne Hav-Bryozocr," 
'Naturh. Tidsskrift ' (Kj^benhavn), 3 Raekke, vol! xi, 1877-8, p. 7. 



Digitized by 



Googk 



174 SIDNEY F. HABMBB. 

tbe effects of the brackish water of the Baltic can be easily ob- 
served by comparing colonies found in different localities. 
Those which are nearest to the Baltic are said to have inter- 
nodes consisting typically of three zooecia; in those most 
exposed to the North Sea the internodes have seven zooecia ; 
and in colonies from intermediate localities they have five 
zoQscia. I have not been able to observe any definite correla- 
tion between the character of the colony and the conditions 
under which it was growing. 

C. aculeata is less common at Plymouth than either of the 
preceding species ; it was found on stones^ red seaweeds^ and 
sponges j usually from 4 — 5 fathoms. 

C. cornuta was fairly common^ mostly on red seaweeds; 
while C. denticulata was seldom found at Plymouth. 

By the kindness of Prof, de Lacaze-Duthiers I received a 
large supply of Crisia from Boscoff in June. The species 
most common at Boscoff appear to be C. aculeata^ C. denti- 
culata, and C. cornuta. C. geniculata was less common, 
and only a few fragments of C. eburnea were found. 

From Mr. J. Sinel I have received numerous specimens of 
C. denticulata and C. cornuta found at Jersey ; and a smaller 
supply of C. eburnea, C. geniculata, and G. aculeata. The 
Jersey specimens of C. denticulata were found between tide- 
marks, while Smitt^ states that C. denticulata is pre-eminently 
a deep-water form. It is, however, probable that Smitt's speci- 
mens did not really belong to this species. 

I have also obtained specimens of several species from 
Guernsey and the Scilly Islands. 

Smitt's valuable contributions to our knowledge of the Poly- 
zoa have been devoted, so far as they concern the genus Crisia, 
to showing that the '^ species '^ which have been distinguished 
in this genus are in reality '^ forms ^' of a single species. 

In one of his later papers^ Smitt remarks, speaking of the 
forms of Crisia discovered in the expedition to which his paper 

> • Ofvers./ &o., 1865, No. 2. p. 138. 

> "Recensio, sjst Bryozoorum .... Novaja Semlja, &o.,'* 

•Ofvereifft. af-K. yet..Akad. Forhandlingar,' 1878, No. 8, p. 12. 
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refers, that he has united all these forms in a single species ; 
and addsy " Auctores vero si sequi volumus, unamquamque fere 
eoloniam speciem distinctam habebimus." 

Although not in the least denying the difficulty of finding 
satisfactory specific characters other than those derived from 
the ovicells, the result of my investigation has been to con- 
vince me that Smitt has gone too far in denying the specific 
value of certain of the forms of Crisia. My results may 
possibly have to be explained by a suggestion which Smitt 
himself throws out^ to the efi'ect that although the series repre- 
sented by the various forms of Crisia living in different locali- 
ties is one in which practically none of the stages in the evolu- 
tion of the species have been lost, ^' vivit multis in locis altera 
vel altera forma tarn constans, ut species bene distincta facile 
ceuseatur.'^ ^ Unfortunately, all the localities from which I 
have been able to obtain Crisia are comparatively close to one 
another ; but I have found no essential differences between the 
forms of the same species from different localities. 

Until it can be shown that any two or more of these forms 
can be developed as branches from the same stem, or as stems 
from the same rootlet, or at least that they can be produced as 
descendants of the same form, it appears to me that it will be 
impossible to deny to them the rank of species. 

C. eburnea begins to breed at Plymouth as early as 
February; ovicells are present in great numbers during 
March, April, and May. Towards the end of the latter month 
they disappear, and are not normally present on colonies 
found in the summer. March and April appear to be the 
months when ovicells are most common. 

C. ramosa commences to breed (at Plymouth) in April; a 
few of the colonies found at this period have young ovicells. 
In May young ovicells are very common ; and the breeding 
period continues from this time until August at any rate. 
Immature ovicells may be found even at this time, but they 
are then becoming uncommon. The breeding season is pro- 
bably at its height in May and June. 

» • Ofvers./ &c., 1867, No. 6, p. 461. 

VOL. XXXII, PART II. — KKW 8BR. M 
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C. aculeata. — A large proportion of the specimens found 
at Roscoff in June possessed numerous ovicells. At Plymouth 
ovicells were also found in April and May. The breeding 
season is probably much the same as in the last species. 

C. denticulata. — The only specimens obtained in which 
ovicells were common were found in Guernsey and Jersey in 
the summer (June to August)^ which may probably be regarded 
as the period at which the breeding season is at its height. 

C. cornuta. — The ovicells appear to be commonest in 
April and May. 

C. geniculata. — The only specimens in which I have found 
ovicells were obtained in the summer (June to August). I 
have not found this species at Plymouth. 
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In A, B, and C of the above table the length of the internode 
18 measured from joint to joint, or from joint to apex of 
branch if the internode is a terminal one. The ** average 
length '' of the zocecia is obtained by multiplying the length of 
the internode by two^ and dividing by the total number of 
zoGBcia. It is obvious that this does not give the total length 
of the zooecium, since the zooecia overlap one another ; but an 
approximation to the distance from mouth to mouth of the 
zooecia is obtained. This gives a more accurate average than 
any single measurement of this distance would give^ since the 
distance is variable in connection with the extent to which the 
tubular apertures of the zocecia are developed, and with other 
circumstances. For the purposes of this calculation an ovicell 
is counted as an ordinary zooecium. If the length of the inter- 
node of five zooecia shown in fig. 6 (C. eburnea) be compared 
with that of a corresponding number of units, beginning at the 
the liase, of the ovicell- bearing internode in the same figure, it 
will be seen that the presence of the ovicell does not alBTect the 
result so much as would be expected at fii*st sight, and the 
error due to counting the ovicell as a zooecium is further 
lessened by the fact that this structure is nearly always borne 
on an internode which consists of many zooecia. 

In D the length is measured from any point of an aperture 
to the corresponding point of the aperture of the next zooecium 
on the same side of the internode, and in making this measure- 
ment two zooecia whose tubular mouths were about equally 
developed were always chosen. 

E gives the total length of zooecia with well-developed tubular 
apertures from the point where their cavity disappears at their 
proximal end to the furthest point of their apertures, the measure- 
ments being made from transparent (Canada balsam) speci- 
mens. 

is measured immediately above the aperture of a zooecium. 

H gives the length of the base with which a lateral branch 
articulates. 

I. The length of the ovicell is estimated by drawing an 
imaginary line joining the point where the zooecium next 
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below the ovicell on the same side becomes free from the 
internode (if any tubular aperture is developed)^ with the corre- 
sponding point on the zooecium next abo^e that zooecium on the 
other side of the internode. The '^ length '' of the ovicell is 
the distance of the middle point of the line drawn as above to 
the uppermost point of the ovicell^ exclusive of its tubular 
aperture^ if any. 

This measurement^ on the whole^ gives the most constant 
results. The relation of the zooecia below the ovicell to the 
ovicell itself is very variable^ and it is impossible to take one of 
these zocecia as a fixed point, a more definite result being 
obtained by taking two as described above. In C. eburnea, 
if the ovicell is the second member of an internode the 
imaginary line is drawn from the base of the tubular aperture 
of the first member of the internode in a direction parallel to 
that connecting the apertures of the upper pairs of zooecia in 
the internode (a method which usually gives more satisfactory 
results than might be supposed from fig. 6). 

The numbers given in the table do not profess to give the 
total limits within which a given part may vary, but the limits 
given will probably be found to include nearly all the variations 
which are observed in the ordinary forms of colonies. 

In cases where it seemed to me possible to define the normal 
size of any part, I have put this down as the ** average ^* size. 

An examination of this table shows that C. eburnea, 

C. aculeata, and C. ramosa form an almost continuous 

• series, as Smitt indeed has stated. C. denticulata can hardly 

be confused with any of the other forms, amongst which 

C. eburnea is the one that resembles it the most. 

It will be seen that in every single measurement given 
C. ramosa is the largest of the four species, although in the 
size of the entire colony C. denticulata surpasses it. In 
many of the measurements, however, the upper limit of 
C. aculeata overlaps the lower limit of C. ramosa. As 
these are the two species which most closely resemble one 
another, and which are probably very closely allied to one 
another, it seems to me that it is not possible, in all cases, to 
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distinguish between a colony of C. aculeata without spines 
and a small variety of G. ramosa unless ovicells are present. 

C. ramosa further appears to me to be much the most 
variable of all the species I have examined, while C. eburnea, 
and, next to this, C. denticulata, are the least variable. The 
greater variability of C. ramosa comes out perfectly clearly by 
subtracting the minimum from the maximum measurements 
given in the table, and comparing together the results thus 
obtained for the different species. If this be done for D — J, it 
will be found that, in every case except F (in which the limits 
are the same for C. ramosa and C. denticulata),the greater 
variability of C. ramosa comes out, and usually with striking 
distinctness. 

It will be noticed that the largest variations are in the length 
of the zooecia, and, correlated with this, in the size of the 
ovicells. But though the ovicells are thus by no means exempt 
from variation, their principal specific character (the shape of 
their aperture) is retained throughout without material alte- 
ration. 

The fact that a colony of G. eburnea, on which some 
unusually small ovicells were present, has been taken into 
account in the table, makes these structures appear much 
more variable than they are in normal cases. 



Digitized by 



Googk 



ON THE BRITISH SPECIES OP CBISIA. 181 



EXPLANATION OF PLATE XII, 

Illustrating Mr. Sidney P. Harmer's paper " On the British 
Species of Crisia/' 

(All the figures were drawn with a eain«'ra kcida under a Zeiss a objective, 
and were subsequently reduced 2i diameters.) 

Fig. 1. — G. denticulata. — ^Toung intemode, with growing-point, seen 
from the back (Canada balsam preparation). 

Fig. 2. — C. denticulata. — Ulustrating the relations of an even-numbered 
intemode (pp. 147, 148). 

Fig. 3.— C. denticulata.— Ovicell (p. 169, &c.). 

Fig. 4.— C. aculeata.— Ovicell (p. 168, &c.). 

Fig. 5. — C. eburnea. — Abnormality (p. 158). 

Fig. 6. — G. eburnea. — Ovicell (p. 169, &c.). The intemode which bears 
the ovicell has two branches, an unusual arrangement. 

Fig. 7. — C. geniculata.— Intemode with ovicell; back view (p. 172). 

Fig. 8. — C. geniculata. — Another ovicell, seen from the front (p. 172). 
Greatest diameter of ovicell = '208 mm. 

Fig. 9.— C. cor nut a.— Ovicell (p. 171). 

Fig. 10. — C. ramosa. — Ovicell broken open to show the valve (p. 176). 

Fig. 11. — C. ramosa. — Branch with ovicell (pp. 163, 168, &c.). 

Fig. 12.— C. ramosa. — " Suppressed" ovicell (p. 165). 

Fig. 13. — C. ramosa. — Internode which has abnormally developed four 
ovicells (p. 166). 
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L Introduotion. 

At the suggestion of Dr. E. L. Mark, I began, in the spring of 
1889, the study of fresh-water Bryozoa. While at the Laboratory of the 
United States Fish Commission, at Woods HoU, Mass., where, through 
the kindness of Mr. A. Agassiz, I had the opportunity of spending the 

1 Contributions from the Zoological Laboratory of the Museum of Comparative 
Zoology, under the direction of E. L. Mark, No. XIX. 
yoL. XX. — NO. 4. 
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following summer, I gathered most of the material for this study. T 
found an excellent place for collection in Fresh Pond, Falmouth, where 
Fredericella and Plumatella were also gathered. Upon my first visit to 
this pond (July 5th), I found at its outlet Cristatella exceedingly abun- 
dant on the leaves of the pond-lilies. A mouth later, the same locality 
yielded very few specimens ; but about September 5th I found them 
plentiful again, and at the same time noticed the phenomenon described 
by Kraepelin and by Braem, — that some of the statoblasts of Pluma- 
tella had already hatched. Colonies of from five to twenty individuals 
were observed with the two halves of the statoblast still adhering to 
their bases. A few colonies of Cristatella were also gathered in the 
latter part of August from Trinity Lake, New York. 

The material collected was killed with a variety of reagents. Cold 
corrosive sublimate gave the best result& In staining, I always found 
Czoker's cochineal the most satisfactory dye for the study of the 
embryonic cells of the bud. 

As Haddon {'83, pp. 539-546) has reviewed the most important part 
of the bibliography of budding in Phylactolsemata which had been 
published at the time of his writing, I shall be relieved from giving 
here any extended historical account of the earlier researches. The 
contributions of Nitsche (75) and Hatschek (77) are well known. 
Reinhard has published a preliminary article ('80*, '80*') on this subject 
in the Zoologischer Anzeiger; but his two more important papers 
('82 and '88) I have unfortunately not seen. Braem's ('88, '89*, and 
'89**) three preliminary papers concerning budding in fresh-water Bry- 
ozoa correct some erroneous statements of Nitsche, and support Hat- 
schek's view of the origin of the polypide. The results at which I 
have arrived concerning this last problem are similar to those of 
Braem, but his work has apparently been done chiefly on Alcyonella, 
mine on Cristatella. Finally, T believe there will be found in this paper 
something new on the organogeny, which Braem does not seem to have 
especially studied, and which may be of general morphological impor- 
tance. For these reasons, it has seemed to me desirable that I should 
publish my observations and conclusions, and I am the more inclined 
to do so because our views are not in all points the same. 

In the matter of nomenclature, my studies have not led mo to a final 
conclusion as to the homologies of the axes of the individual, and there- 
fore I fall back by preference on non-committal terms. The individual 
is bilaterally symmetrical. Parts nearer the mouth end of a line joining 
mouth and anus (i. e. nearer the margin of the colony) will be desig- 
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Dated "anterior" or "oral"; parts nearer the anal end, *' posterior" or 
"anal." To parts nearer the roof of the colony will be applied the 
term "superior," or **tectal"; to those nearer the sole, "inferior." 
Parts situated at either side of the sagittal plane of the individual are 
" lateral," and either right or left, — the individual facing the margin 
of the colony. In naming organs, I have preferably used the terms 
employed by Kraepelin ('87). I adopt the term polypide simply be- 
cause it is a convenient name for a number of organs closely united 
anatomically, and arising from a common source embryologically. 

n. Architeoture of the Colony. 

The colony of Cristatella, as is well known, consists of a closed sac, 
which is greatly elongated in old specimens, and has a flattened base or 
''sole," and a convex roof. The wall of this sac is known as the wall 
of the colony or cystiderm (Kraepelin). Suspended from the dorsal 
wall^ and hanging in the common cavity of the colony, which may be 
called the coenocoelf are to .be seen numerous polypides in different stages 
of development. A more careful observation shows that the polypides 
lying nearest the median plane of the colony are the largest and oldest, 
those nearest the margin, conversely, smallest and youngest (Plate I. 
Fig. 1). All young colonies of Cristatella have been derived from one 
of two sources, eggs or statoblasts. According to Nitsche ('72, p. 469, 
Fig. 1), there are two polypides of the same age first developed in the 
cystid, which is a product of a fertilized ovum, and regarding these he 
fully agrees with Metschnikoff 's ('71, p. 508) statement, " Die beiden 
Zooiden entwickeln sich wie gewohnliche Enospen." 

Nitsche (75, pp. 351, 352) observed that in Alcyonella the primary 
pol3rpide8 are placed with their oral sides turned from each other, and 
that the younger buds arise in the prolongation of the sagittal plaue of 
the older polypides, and from that part of the cystid lying between the 
oesophagus of the older buds and the margin of the colony. 

As Braem (*89^ pp. 676-678) has shown, there is but one primary 
bud in the statoblast embryo. The younger buds formed in the stato- 
blast arise on the oral side of the primary bud. 

In Cristatella, says Braem (*88, p. 508), the newly hatched stato- 
blast embryo already exhibits to the right and left of the adult primary 
polypide two nearly complete daughter individuals of unlike age, which 
are generally followed by two other sisters in the same relative posi- 
tions, and a fifth in the median plane, — oral with respect to the 
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mother bud. These bads may produce new ones until the whole 
colony has attained the size of a pea; then young buds arise anal- 
wards of the primary polypide, and as the margirt of the colony is pro- 
truded on each side of this point, the colony becomes heart-shaped. 
The two upper lobes of the heart are regions of great reproductive 
activity ; they separate from each other, and thus transform the heart- 
shaped colony into an elongated one. Through the heaping together 
of buds effected by this process, a misproportion between the area 
(Flfichenraum) and the circumference of the colony results, and the 
buds, which lie in longitudinal rows, soon come to be crowded. After 
this, they each give rise to only two. daughter buds, a lateral and a 
younger median one. 

To these observations of Braem I have little to add. I have figured 
(Plate X. Fig. 88) a young colony of Cristatella, containing about thirty 
polypides. This was taken in the latter part of July, and is probably 
an egg colony. My reasons for thinking so are, that the statoblasts of 
the preceding year form colonies in the early spring ; that statoblasts 
of any year have never been seen, like those of Alcyonella, to hatch in 
the fall; and that there are, occupying the centre, two polypides of 
very nearly equal size and development, and probably therefore of 
nearly equal age. Surrounding these are eight younger individuals, 
nearly equal to each other in size, and these are in turn followed by two 
generations, of thirteen and seven individuals respectively, — the last 
generation evidently being as yet incomplete. 

As Kraepelin (*87, pp. 38, 139, 167) clearly states, the Cristatella 
colony is comparable with those of Pectinatella, Plumatella, etc., and may 
be derived from them by imagining a condensation of those branching 
colonies. The radial partitions seen in Figure 88, di sep, r., Plate X., are 
thus homologous with the lateral walls of the branches of a Plumatella 
colony ; and just as in the latter, so here young individuals arise near 
the tips of the branches, and the older individuals degenerate. As in 
Plumatella, young individuals are produced not only distad of older, but 
also laterad, thus founding new branches, so in Cristatella we find young 
buds having the same positions. These facts will be better appreciated 
by a reference to Figure 1, which shows a portion of the margin of a 
mature colony. It is here clearly seen, (1) that, as has long been known, 
the youngest individuals are placed nearest to the margin, and that 
therefore, a^i one passes towards the centre, one encounters successively 
older and older individuals ; and (2) that, as Kraepelin ('87, Fig. 134) has 
already figured, the older individuals are arranged in a quincunx fashion. 
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The bit of the margin figured may be regarded as typical, not only on 
account of its symmetry, but also because of the fact that the youngest 
individuals are plaoed at the normal distance from the margin. Al- 
though I have seen these conditions 
repeated in enough instances to assure 
rae of their normal nature, yet, owing 
to a crowding of polypides, both among 
themselves and to the margin of the 
colony, and also to the consequent dis- 
placement of polypides, the appear- 
ances which I am about to describe are 
often obscured. 

First, the interrelations of the indi- 
viduals included within compartments 
1-8 are exactly repeated in compart- 
ments 9-16. The same repetition 
holds true for the remainder of this 
side of the colony. On the opposite 
side, the number varies from six to 
eight. At the ends of the colony, 
owing to crowding of individuals, it is 
difficult to count with accuracy. Since 
all individuals are derived from pre- 
ceding ones, the conclusion seems rea- 
sonable that the inhabitants of these 
eight branches were derived from a 
common ancestor. It is interesting 
t}isit from each of these ancestors the 
same number of branches and an 
aln)08t equal number of individuals 
are produced, and that the correspond- 
ing individuals in each of these fam- 
ilies, e. g. Figure A, 4, 5 and 12, 13, 
and 7, 8 and 15, 16, are similar in 
position, and of the same stage of development. 

Secondly, most individuals figured have given rise to two individuals ; 
some, on the contrary, to but one. Of the two individuals produced, 
one (the older) passes into a second (new) compartment, and so forms 
a new branch. The younger, however, remains in the ancestral com- 
partment, and thus continues the ancestral branch. See, e. g., individual 
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4, 5, of Figure A. The buds which give rise to new compartmeDts maj 
be called lateral buds, iu accordance with Braem's terminology ; those 
which prolong the ancestral branch, median buds. Where only one 
individual arises, it is a median bud. These conclusions regarding the 
relationship of buds are based solely upon the length of the radial par- 
titions, the inner extremities of which con-espond to the angle formed 
by two branches in branching genera like Flumatella. 

Thirdly, while the lateral buds. Figure A, 4, 5, and 12, 13, give rise 
directly to new buds, median buds of the same or younger age, 6, 14, have 
moved to a considerable distance from their mother buds before giving 
rise to new individuals. The effect of this is, that the median bud 
comes to lie, not alongside of the lateral bud, but in a quincunx position 
relatively to it 

Fourthly, lateral buds (branches) may arise from either side of the 
budding individual. Although most of the branching in the part of 
the colony figured in the cut is to the right, yet the youngest lateral 
buds are being given off to the left. So in compartments 4, 6, 7, 12, 
the funiculus indicating the point where the median bud will arise. 

To recapitulate : The descendants of common ancestors are arranged 
similarly in the same region of the colony ; a lateral and a median bud 
may arise from a single individual, the first forming a new branch, the 
latter continuing the ancestral one ; median buds migrate towards the 
margin before producing new buds ; and new branches are formed on 
either side of the ancestral branches. 

ni. Origin of the IndividuaL 

Two essentially different views of the origin of the polypide in the 
adult colony of Phylactolaemata have been maintained within recent 
years. The first is that advanced by Nitsche (75, pp. 349, 352, 353), 
and adopted by Eeinhard* ('80», p. 211, '80^ p. 235). According to 
these authors, the outer of the two layers of the colony-wall gives rise, 
either by a typical or a potential invagination, to the inner cell layer of 
the bud, — the layer from which the lining of the alimentary tract and 
the nervous system both arise, — and pushes before it the inner layer 

^ Reinhard sayt in his preliminary article, " Meiner Meinung nach entwickelt 
tich die Knospe in Folge einer VerdickuDg des Ectoderms, in welche dann die 
Zellen det Entoderms eindringen/' but Brandt's abstract of the paper read by Rein- 
hard before the Zoological Section of the Russian Association, places entoderm 
for ectoderm, and vice versa, — a rendering more in accordance with Reinbard's 
statements in the context. 
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of the colony- wall, which thus becomes the outer layer of the bud. 
Hence the buds arise independently of each other. 

The second view is that advanced by Hatschek C77, pp. 638, 539, 
Fig. 3). He asserted that in Cristatella *' Die Schichten der jtingeren 
Knospe stammen von denen der nachst alteren direct ab." Finally, 
Braem ('88, p. 505) agrees essentially with Hatschek, and believes that 
a typical double bud, although it does not always appear, is the fimdar 
mental condition. His preliminary account clearly shows that precisely 
the same condition of affairs, except in so far as modified by the less 
metamorphosed condition of the ectoderm, exists in Alcyonella as in 
Cristatella. 

A. Observations. 

1. Origin of the Bud. — The result of my own work has been to lead 
me to a conclusion differing from both of these two views, but more like 
the second than the first. By my view, as well as by Braem's, Nitsche's 
two types of single and ''double'' buds are united into one. I would not 
say, with Hatschek, that the two layers of the younger bud arise directly 
from those of the next older, but that each of the corresponding layers 
of the younger and next older buds arises from the same mass of indiffer- . 
eut embryonic tissue. In some cases, each of the layera of the daughter 
polypide does arise from the corresponding layers of the very young 
mother bud. In other cases each of the two layers out of which the two 
layers of the older bud were constructed contributes cells to form the 
corresponding layers of the younger bud, but the cells thus contributed 
have never formed any essential part of the older bud. All gradations 
between these two types occur. For convenience' sake, we may always 
call the older polypide the mother ; the younger polypide, the daughter. 
Figure 3 (Plate I.) shows a well advanced bud (Stage VIII.) which con- 
sists of two layers of cells, an inner, t., composed of a high columnar 
epithelium arranged about a narrow lumen ; and an outer, ex,, of more 
cubical cells. In a region (I) on the bud which is near the attachment 
of its oral face to the body-wall there is a marked evagination of the 
contour, caused in part by a thickening of the outer layer, and in part 
by a slight increase in the diameter of the inner. This thickening o 
the wall is the first indication of the formation of a younger bud, which 
is to arise at this place. Figures 22, II., 16, VI. (Plate III.), and 11, 
YI. (Plate II.) show later stages of buds originating in the same manner 
as that of Figure 3. The mother bud has grown larger, as has also its 
lumen. The outline in its upper oral region has become much folded as 



Digitized by 



Googk 



108 BULLETIN OF THE 

a result of cell proliferation, and a deep pocket has been formed lined by 
a layer of cells which are still a part of the inner layer of the mother 
bud. The outer layer of the latter has also been protruded by the ac- 
tivity of the inner layer, and its cells go to form the outer layer of the 
young bud. Still another point is to be observed. The centre of the 
young bud has moved away from the ceutre of the neck of the mother 
budy and thus the former lies nearer to the margin of the colony than the 
latter. Figure 17, YIL (Plate III.) shows a still more advanced stage 
in the development of the bud, in which it is sharply separated from 
its parent, but its inner and its outer layers are still in direct continuity 
with the inner and outer layers respectively of the mother. 

I have selected this series from the many which might have been 
chosen to show the origin of the polypide, because it is an intermediate 
type between two extremes, and because by it the other cases receive an 
easy explanation. All cases of budding, however, seem to conform to 
this general law : the greater the difference in age between the youngest 
and the next older bud, the greater the distance between the points at 
which they begin to develop. Thus the typical case of a " double bud " 
is that in which two buds appear to arise at the same time. They origi- 
nate, as Nitsche observed^ from a common mass of cells. A case of two 
buds, one only slightly younger than the other, is seen in Figure 5, By 
comparing with Figure 3, in which the older polypide is older than VIL, 
Figure 5, the difference between the younger buds will be apparent. On 
the other hand. Figure 4 illustrates a comparatively late formation of 
the younger bud. The older bud had attained a stage corresponding to 
Figure 18 (Plate HI.), but the younger bud is not older than that seen in 
Figure 22, II. Just as in the latter case the two layers of the older bud 
went respectively into those of the younger, so in the present case a 
direct continuity can be traced between the cells of the inner and outer 
layers respectively of the younger and older buds. The evidence that 
the cells composing the inner layer of the young bud have not arisen di- 
rectly from the ectoderm is derived not only from the continuity of both 
cell layers of the two buds, but from the presence of the apparently un- 
modified ectodermic cells lying above the inner layer of the young bud, 
and sharply marked off from it. Figure 6 shows a later stage of this 
same type, in which the layers of the young bud are seen well formed, but 
still very sharply separated from the overlying ectodermal cells. These 
series afford an interpretation of the extreme type of budding shown in 
Figure 2, which is not uncommon. The mother polypide has reached a 
stage corresponding to Figure 18, Plate III. To the left of the neck of 
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the polypide and towards the mai^n is the funiculus, fun. Between it 
and the neck of the polypide the ccelomio epithelium is thickened and its 
cell boundaries have become evident. Directly above this region, and im- 
mediately above the muscularis, is a row of cells, which stain deeply and 
show other evidences of being embryonic. These are directly continuous 
with the neck cells of the older polypide, exactly as was the case with 
the cells of the inner layer in Figures 4 and 6 (Plate I.). In fact, they are 
in every way comparable with these. Figures 8 and 9 (Plate II.) show 
slightly later stages. The funiculus has moved farther from the parent 
bud, the future outer layer (ear.) has become thicker, and its cells are 
columnar and sharply marked off from each other. The inner layer (t.) 
of the new individual is represented by a thicker, stolon-like mass of cells, 
which is in direct continuation with the inner layer of the mother bud, 
from which it was doubtless derived. 

A stage which, on account of the greater distance of the funiculus 
from the older polypide, I believe to be slightly more advanced than 
Figure 8, is shown in Figure 9. In the section drawn, the inner cell 
mass (t.) exhibits few nuclei, but they are more numerous in adjacent 
sections. The band of protoplasm connecting this young bud with the 
mother is perceptibly smaller than in the preceding stage. The cells of 
the inner layer form a mass sharply marked off from the ectoderm; 
those of the outer layer are greatly thickened, as in the last stage. 

A peculiar thickening of what I regard as Nitsche's " Stiitzlamella " 
takes place between the young bud and the mother polypide. This is 
shown in Figures 9 and 10 at mu. It is not stained by Czoker's cochi- 
neal, and the circular muscle fibres, here cut transversely, are very con- 
spicuous in the midst of it. As I have noticed this appearance only in 
the cases of young buds which have originated like those of Figures 9 and 
10, and of others of about their age, (and it is in these buds and at this 
age that migration from the older polypides takes place,) I believe that 
there is some connection between this condition of the muscularis and 
the disturbance which such a migration must cause. 

I have already (page 106) referred to the fact that in some cases me- 
dian buds are found far removed from the mother polypide, although 
in an early stage of development. Stage IV. is the youngest in which 
such buds have been found. 

The cells of the mass destined to form the inner layer of the bud 
multiply rapidly after they have reached a proper position, and there is 
considerable protrusion of the coelomic epithelium into the body cavity. 
The fact, that during its extensive migration the bud increased only 
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Blightly, whereas it now begins to develop rapidly, leads to the presump- 
tion that it lias ceased to migrate^ and has come to a state of comparative 
rest, relative to the surrounding ectodermal cells. 

One of the first indications of further development is seen in the 
arrangement of the cells of the inner layer, which is such that their 
nuclei come to lie near the surface of a hemisphere whose convex side is 
turned toward the ccenocoel. The beginning of this process is seen in 
Figure 10 (Plate IT.), and, further progi-essed, in Figure 11. Figure 14 
exhibits a still later stage in the development of the polypide. In the 
lower portion of the two-layered sac of this 6gure a separation of the 
cells {lu, gm.) has begun. This is the first indication of the atrium. 

In all cases there exists at this stage a condition of the ectoderm like 
that shown in Figures 5 and 14. The absence of ectodermal cells directly 
over the bud may be account^ for by supposing that they have come to 
lie upon, and form part of, the neck of the polypide. While it would be 
impossible to deny that they might migrate through the cells composing 
the neck of the polypide, and thus come to form the nervous elements, 
a careful study of the successive stages figured will not show the slight- 
est evidence of any such migration, nor is it a priori probable, from what 
is known of the action of epithelium the world over, that such a migra- 
tion would occur.* 

According to the descriptiDn of Nitsche (75, p. 353), there is a 
lumen in the bud of Alcyonella (where the ectoderm is much less meta- 
morphosed than in Cristatella), which is always in direct communication 
with the outer world, the bud having been formed by a typical invagi- 
nation. Braem ('88, pp. 506, 507), however, states that he has never 
seen in Alcyonella this communication of the bud cavity with the outer 
world. In the much more obscure process of polypide development 
in Gymnolaemata the lumen first appears after the cells of that mass 
from which the bud is to arise have arranged themselves in two con- 
centric layers. In Endoprocta, according to Nitsche ('75, p. 374) and 
Seeliger (*89, p. 179), the lumen arises by a virtual or actual invagi- 

1 Since writing the above paragraph I have cut some sections of Ploroatella 
in which this process is much clearer, owing to the absence of secreted bodies in 
the ectoderm. Instead of a few ectodermal cells dropping down upon the upper 
part of the neck of the polypide, as is the case in Cristatella, there is a cup-shaped 
invagination of the ectoderm, which is quite deep, and thus gives rise to an elongated 
" neck." That none of these ectodermal cells go to form any part of the polypide 
proper is certain in Plumatella. But it is also true, that ectodermal ceils are thus 
incorporated into the neck of the polypide, and probably into the stolon which pro- 
ceeds from it. 
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nation and remahis always in communication with the surroanding 
medium. In Gristatella the lumen is formed in the bud at the time 
when its diameter perpendicular to the roof of the colony slightly ex- 
ceeds that parallel to it. As Figure 14 (Plate II.) shows, this cavity 
(lu. gm,) first makes its appearance in the distal part of the central 
mass of cells* There are always cells lying above the lumen, and thus 
cutting off the ectoderm from contact with it. The two layers from 
which, according to my view, all of the cells of the adult polypide are 
derived, are now completely established ; and the cavity has already 
appeared which, by enlargement, out-pocketing, and the concrescence of 
its walls, gives rise to the atrium, and the lumina of the alimentary 
tract and supra-oesophageal ganglion. 

The bud elongates, and often at this time, preparatory to giving rise to 
a new bud from its upper marginal angle, becomes bent or curved, the 
concavity always being next the daughter bud (see Figs. 3, 5, 11, and 
22). By this change in form the bud becomes bilaterally symmetricaL 

2. Origin of the Alimentary Tract. — The first organ derived from the 
two-layered sac is the alimentary tract. Nitsche (75, p. 356) described 
the process of its formation in a very clear manner ; but I believe he is 
in error. The original lumen of the bud represents, he says, the atrium 
and the lumen of the alimentary tract. The part lying nearest the 
attached end of the bud gives rise to the former ; the latter is derived 
fi-ora the lower part of the lumen. These two regions become separated 
by the invagination of the two layers of the bud along a furrow on each 
side of the bud ; just as though the walls of a two-layered hollow rubber 
ball were pressed together by a finger of each hand acting at opposite 
sides until the points of the fingers should be separated by the four 
layers of the ball only. By this process, mouth, anus, and the entire 
gut, would of course be formed at one time. Reinhard ('80*, p. 212) 
appears to agree with Nitsche as to the method of origin of the alimen- 
tary tract Braem (*89^ pp. 677, 678) describes and figures diagram- 
matically this process in the statoblast of Gristatella. In the median 
plane of the bud there is an out-pocketing from the anal side of the 
atrium which involves both layers of the bud ; it assumes the form of a 
comma, its blind end curving forward to meet the blind end of a lesser 
evagination of the oral part of the atrium, — the oesophagus. The blind 
ends of these two pockets meet, and by the breaking through of the 
intervening tissue their lumina freely communicate with each other, 
thus completing the alimentary tract. He adds : " Auch bei den Poly- 
piden der fertigen Colonic der Darm durch Yerwachsung eines aualen 
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und eines spater auftreteuden oralen Schlauches, tin deren Bildaug 
freilich das aussere Knospenblatt nur secundar sich betheiligt, zu Stande 
kommt." 

My own obBeryations are nearly in accord with the statements of 
Braem, as opposed to Nitsche's. The older bud of Figure 1 1 (Plate 11.) 
shows the first indication of the lumen of the posterior part of the ali- 
mentary tract near the attached portion of the bud. The cells of the 
inner layer are multiplying, and the lumen of the bud is broader here 
than elsewhere. The position of a daughter bud, VI. (on the oral side of 
the one under consideration), sufficiently indicates that the point marked 
ri. is in the region of the future anal opening. Figures 12 and 13 (Plate 
II.) show further stages in this same process. The lumen of the intestine 
is formed, not by constricting off a part of the original lumen of the bud, 
but by the rearrangement of cells at the progressing blind end of the 
pocket, which gradually moves towards the distal part of the larger or 
bud cavity. It is important to establish the fact that the alimentary 
tract is formed in the inner layer of the bud, and that its cells alone line 
the digestive cavity. Figures 20 and 21 (Plate III.) represent two suo 
cessive sections out of five which pass through the inner layer ; namely, 
the second and the third counting from the attached to the free end of 
the bud. The sections were cut at right angles to the plane of Figure 
11 nearly along the lines 20 and 21 respectively. It will be seen that 
the inner layer alone is implicated in the lining of the alimentary pocket 
at this early age. They also show clearly the incorrectness of the state- 
ments of Nitsche on this point. Figures 24, 25, and 26 (Plate lY.) are 
three sections cut through a bud of about the age of that represented in 
Figure 13 (Plate II.), and at right angles to the plane of the latter, and 
in the direction of the lines 24, 25, and 26 respectively. A section cut 
beyond the end of the intestine, in Figure 13, is not represented. It 
shows that the lumen of the alimentary tract is absent at this plane. A 
comparison of Figures 20 (Plate 111.) and 26 (Plate IV.) shows that the 
lumen of the bud, lu, gm. (which we may call the atrium from its resem- 
blance to a space having the same relations in Entoprocta), has increased 
in volume owing to a growth of the lateral walls. On account of the 
more rapid elongation of the anal than of the oral side, the axis of the 
alimentary tract comes to take a horizontal position, as shown in Fig- 
ures 17 and 18, Plate III. (Compare also Figs. 27-29, Plate IV.) The 
blind end of the digestive sac comes very close to the blind end of 
another pocket formed on the oral side, the oesophagus, and soon the 
two communicate directly. At the same time, the inner cell-layer of the 
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middle portion of the alimentary tract has been quite cut off from that 
of the atrium by a constriction, the beginning of which is seen at ex,^ 
Figure 24 (Plate lY.) and in a later stage at ex,^ Figure 28. The cells 
of the outer layer are next pushed into the place of constriction and re- 
move the alimentary tract at this point still further from the atrium, as 
ia shown in Figures 18 (Plate III.) and 28, tx. (Plate IV.). The error 
of Nitsche is explainable on the ground that he believed the stage of 
Figure 18 to be the earliest in the development of the dimentary tract. 

3. Origin of the Central Nervous System. — Metschnikoff (71, p. 508) 
first clearly recognized that the supra-OBSophageal ganglion of Phylacto- 
bemata is derived from the inner cell-layer of the bud, — the same 
layer which gives rise to the inner lining of the alimentary tract. 
Nitsche ('75, pp. 359, 360) described and figured in an insufficient and 
not wholly accurate way the process of ^he formation of this organ. 
According to my observations, the central nervous system arises directly 
over the middle of the horizontally placed alimentary tract in the posi- 
tion marked gn. in Figure 18, Plate IIL (compare also Figs. 17 and 28, 
pam. gn,). The process by which the ganglion with its internal cavity 
(Plate YIIL Fig. 73, lu. gn.) is formed will be more easily understood if 
the reading of the text be accompanied by reference to the following sec- 
tions. Figures 17, 18, 19, Plate III., aud Figure 73, Plate VIII., show 
successive stages in sagittal section. Figures 27-29, Plate IV., from k 
single individual, are vertical right-and-left sections, the positions of 
which are indicated by the lines 27, 28, 29 of Figure 17. Figures 30-32 
are similar sections from an older individual (see lines 30, 31, and 32, 
numbered at the lower border of Fig. 18), and Figures 33-38 are 
from a still older polypide (compare lines 33-38, Fig. 19). By a study 
of these sections, it is seen that the cells forming the floor of the brain, 
pam. gn., are derived from the inner layer of the bud, and indeed from 
the very region of the layer which furnished cells to line the alimentary 
tract (Plate II. Fig. 13, Plate IV. Figs. 25 and 24, ga,), and therefore 
that the layer of cells forming the floor of the ganglion is directly con- 
tinuous posteriorly through the anal opening (Plate II. Fig. 13, an,) 
with the wall of the rectum, and anteriorly with the lining of the 
oesophagus. The first marked differentiation of this region is effected 
by the sinking of the centre of the floor of the neural tract (Fig. 18, gn.), 
thus forming a shallow pit, which opens directly into the atrium above. 

The closure of the walls of the ganglion above must now be considered. 
Concerning this process, Nitsche says : ^ Die Kander dieser Einstttlpung 
[my * shallow pit'] wachsen nun wie die Bander der MeduUarrinne 
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eines Wirbelthierembryos gegeu einauder, und wie in letzterem Falle 
eine hohle Kohre von der dorsalen Leibeswand des Thieres abgeschniirt 
wird, 80 wird hier eine hohle Blase von der Wand des Polypids al^e- 
schniirt. In unserem Falle ist aber die Wandung an der diese Ah- 
schniirung vor Hich'geht, zweiBchichtig.** The two layers referred to were 
those of the median walls of a pair of invaginations of the latero-anal 
sides of the wall of the atrium, — the beginnings of the lophophoric 
arms (br. loph., Figs. 37, 38, Plate IV., and Figs, 61, 62, Plate VII.). 

The process of closure is in reality somewhat different from Nitsche's 
conception of it. The axes of the pockets which go to form the lopho- 
phoric arms are, at first, directed inward, upward, and slightly oral- 
ward (Plate I. Fig. 7, br. loph.). By means of these invaginations the 
cell layers lining the atrium on opposite sides are brought into contact 
at a point between the rectum and the ganglionic pit (Plate V. Fig. 43, 
loph J), This approximation of the walls may, perhaps, better be said 
to be a continuation upward of the process by which the alimentary 
tract was cut off from the atrium (after the lumen of the former was 
formed), and by which cells of the outer layer of the bud came to 
intrude themselves between these two regions (Plate IV. Fig. 35, ex,) ; 
for the lateral furrows, by the formation of which this act is performed, 
are, on each side, continuous with the lophophoric pockets, and above 
end blindly in them. By the approximation and fusion of the inner 
layers of the atrium several things are accomplished. The posterior 
wall of the brain is formed (Plate IV. Fig. 39, loph!), the anus is car- 
ried farther up (compare Plate III. Fig. 19, and Plate VIII. Fig. 73, rrn.), 
and by a continuation of the constricting process the cavities of the 
lophophore on opposite sides of the polypide are brought into communi- 
cation between the ganglion and the rectum at a point opposite the 
letters lu. gvi, in Figure 63 (Plate VII.), whereas they formerly com- 
municated only outside the alimentary tract. 

Oralward from the lophophoric pockets there is a thickening of the 
inner layer above the floor {pam. gn,) of the ganglion on each side 
(Plate IV. Figs. 28 and 31). Later, each of these thickenings becomes 
a fold involving the inner layer of the bud only (Plate IV. Fig. 35). 
The upper and lower halves of this pair of folds respectively fuse in the 
sagittal plane, the last point at which the union occurs being near the 
oesophagus (Plate III. Fig. 19). Anteriorly the rim of the shallow brain- 
pit rises up as a third fold, and the ganglion becomes a sac whose mouth 
is bounded by the edges of the folds, the advance of which causes it to 
become more and more constricted. These folds are the pair of folds 
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above the cavity of the ganglion, and the one between the cavity of the 
ganglion and the oesophagus. The outer layers of these three folds 
respectively fuse immediately behind the oesophagus ; the inner layers 
are constricted off, but without closing the neck of the sac. Conse- 
quently the neck of the ganglionic si^c, instead of opening into the 
atrium, now abuts upon the inner cell-layer at the angle between the 
floor of the atrium and the oesophagus. The lower layers of the hori- 
zontal folds thus become the upper wall of the ganglion (Fig. 35, tct. 
f/n,); the upper layers form the new floor of the atrium (Fig. 73, 
pant, air,), which lies between the lophophore arms, is continuous with 
its median walls, and passes over into the walls of the alimentary tract 
both in front and behind. The outer layer of the young bud only 
secondarily makes its way in between the upper and lower layers of 
these folds. It ultimately takes the form of a double layer embracing 
a space, which is the epistomic canal. (Plate YIII. Fig. 73, lu. gn.y 
Plate V. Fig. 52, lu. gn., can. e stm.) 

4. Origin of the Kamptoderm, — While the alimentary tract, lopho- 
phore arms, and nervous system are being marked out in the lower por- 
tion of the bud, these organs become farther removed from tlie wall of 
the colony by an enlargement of the atrium to meet the demands of 
the augmenting volume of the lophophore. Pari passu with this en- 
largement of the atrium, its walls diminish in thickness (compare kmp. 
drm,. Fig. 73, Plate VIII., with Fig. 18, Plate III.). This is rather the 
result of a failure of the cells to multiply in proportion as the area of 
the wall increases, than of a decrease in the number of cells already 
formed. Both the inner and outer cell-layers of the bud take part in 
the formation of this wall, as is evident from the figures. The wall of 
the atrium was called ''tentacular sheath" by Allman ('56, p. 12) and 
Nitsche, but Kraepelin ('87, p. 19) employs the name "kamptoderm" 
for this structure. I prefer this term to " tentacular sheath," and have 
employed it both on account of the reasons given by him and because it 
may be easily inflected, whereas " tentacular sheath " may not. The 
kamptoderm, then, is formed of the upper portion of the bud, and both 
of its cell-layers are concerned in its formation and persist in the adult. 
5. Origin of the Funiculus and Muscles. — Nitsche (75, pp. 353, 354) 
did not see the origin of t\iQ funiculus, but states that it suddenly occurs 
lying close along the oral side of the bud, to which one end is at- 
tached. Its proximal end is fastened, he says, to the inner layer of the 
colony-wall, and by the growth of the latter between the funiculus and 
the neck of the bud this end retreats from the young polypide. Braem 
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('88, p. 533) asserts that the funiculus arises as a longitudinal ridge on 
the outer layer of the oral wall of the young polypide at the time of 
the formation of the alimentary tract, and that the cells of this ridge 
are cut off from the bud to form the funicular cord. Soon after this, 
embryonic cells from the inner layer of the young polypide penetrate 
into the midst of the cord through its proximal end, and thus lay the 
foundation of the statoblast. 

Concerning the origin of the musclesy Nitsche Q75, p. 354) states that 
they are simple elements of the outer celMayen of the bud, which were 
originally situated in the angle of attachment of the bud to the inner 
layer of the colony-wall, and that by the growth of this wall they be- 
come drawn out into spindle-shaped cells. 

I have decided to treat of these two organs together, since their ori- ' 
giu and development are curiously similar. According to my belief, 
both arise, in part at least, from the inner cell-layer of the colony- 
wall. At a stage slightly earlier than that of the first appearance of the 
fully formed funiculus (Plate II. Fig. 11, cLfun^y I have always found 
a disturbed condition of the coelomio epithelium. This is particularly 
noticeable on that side of the young lateral bud upon which the median 
bud is about to arise. In some cases I have seen the cells of this 
layer taking on all the characters of wandering cells, as seen at cLfun., 
Figure 22, Plate III., where some have already begun to group themselves 
into a funiculus-like cord. At Figure 5 7, c/. /«»., Plate VI., the funiculus 
is seen lying close to the oral wall of the polypide. That it has not 
arisen in precisely the manner described by Braem is probable from this 
figure alone, for the proximal end of the funiculus is not yet connected 
with the wall of the colony. If my view is correct, this connection 
arises only secondarily (Fig. 2, fun,). I am, however, inclined to be- 
lieve that the distal end of the funiculus arises in a difiereut way from 
the proximal, and in the manner described by Braem. My evidence 
for this is, that I have twice seen at this point cells in the act of 
dividing so as to contribute daughter cells to the funiculus. Figure 53, 
Plate VI., shows the condition of the distal end of the funiculus, /wn., 
which passes, without any line of demarcation, into the outer layer of 
the bud ; this layer is normally one cell thick, but in the region of 
funicular formation it is two cells thick. The proximal end of the 
funiculus is, at this stage, attached to the coolomio epithelium of the 
roof of the colony, tct. That an attachment should occur in this man- 
ner, and become quite intimate, is not strange, considering the origin 
of the funiculus from amosboid cells, and the fact that, even at a late 
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Stage of development, this character is still retained by much of its 
tissue. (See, for example, Fig. 77,/Mn,, Plate IX.) 

The great retractor and rotator muscles have, I believe, like the funic- 
ulus, a double origin. They arise from the outer layer of the bud, on 
the one hand, and from the codlomic epithelium on the other. The 
first indication of the differentiation of the muscle cells consists in a 
disturbance in the upper lateral edge of the outer layer of the bud at 
about the stage of Figure 17, Plate III. This is shown in dorso-ventral 
sections through this region {cL mu,, Figs. 24, 26, Plate IV.). Later, the 
disturbance becomes more marked, and cells having a semi-amoBboid 
character appear to be proliferated (cl. mu.f Fig. 33, Plate IV.), and to 
migrate from the bud towards the coelomic epithelium. During this 
process the cells of the latter layer also are active, and some of them, 
elongating, reach towards the young polypide, as seems to be clearly 
shown at d, mw.f Figure 54, Plate VI. It is significant that, since each 
of the two upper lateral edges of the bud lies near a radial partition, the 
muscles also are always formed in close proximity to one (disep, r., Fig. 54, 
Plate VI. ; Fig. 30, Plate IV.). It will thus be observed that, both in the 
case of the funiculus and of the muscles, the end which is attached to 
the wall of the colony arises at a point which is remote from that of its 
attachment to the adult. The migration to the later positions will be 
treatod of farther on. (See page 141.) 

6. Origin of the Body'WaU, — As already shown (page 104), the 
body-wall of the individual of a Cristatella colony includes not only 
the endocyst of authors, — the roof and the sole, — but also the radial 
partitions. 

Braem ('88, pp. 506, 507) concludes " dass die polypoide Knospen- 
anlage . . . nicht allein das Polypid nebst den Tochterknospen liefert, 
sondem dass auch die zugehorigen Cystide aus ihr und zwar aus ihrem 
Halstheil entwickelt werden." I believe that a portion of the ^cystid," 
or body-wall, is thus formed in Cristatella, but not the whole. 

If one compares the relations of the polypide to its daughter bud in 
Figures 3 (Plate I.) and 17 (Plate III.), and reflects that later the daugh- 
ter bud is to be found still farther from the mother bud, he is forced to 
one or the other of two conclusions : either the young bud is pushed 
from the mother by a proliferation of cells from the neck of the polyp- 
ide without causing an increase in the length of the body-wall itself, 
or there is an actual increase in the length of the body-wall, produced 
either by the proliferation of cells already existing in it, or by the addi- 
tion and subsequent proliferation of cells from the neck of the mother 
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polypide ; and this increase in length, occurring between the poljpide 
and bud, carries the two apart. Unfortunately, I am unable to state 
definitely how this migration of the young bud away from the mother is 
effected. If the ectoderm increases in length between the two buds by 
the proliferation of cells already existing in it, that fact ought to be 
evinced by a distorted condition of the old cell-walls of the highly meta- 
morphosed cells of the ectoderm. For, since most of the active proto- 
plasm is at the base of the ectoderm, its area will increase faster than 
will the area of the surface of the ectoderm ; and the latter will either 
rupture or stretch, or else the ectoderm will become concave on its 
outer side. An application of these criteria to sections of the body-waU 
in the budding region leads to the conclusion that the ectoderm of 
Cristatella increases here very slightly, if at all, by a proliferation of 
cells already existing in it. A search for cell division in this region 
has yielded the same negative results. There can be no doubt that 
cells are added to the ectoderm from the neck of the polypide. The 
process takes place, however, after the daughter bud is well established 
at some distance from the mother bud. The proliferation of these cells 
ruptures the old cell-walls of the ectoderm, and increases the area of 
the body-wall. I shall have occasion to speak of this process more 
fully in treating of the later period to which it belongs. 

There remains, then, the conclusion, that the cells which go to form 
the inner layer of the young bud are pushed from the neck of the next 
older bud by a proliferation of cells in the stolon-like mass, without 
causing an increase in the area of the body-wall itself. Moreover^ I 
have seen cell proliferation in the stolon-like mass. Another series of 
fietcts will lead us to this same conclusion. 

Though the body-wall does not increase by cell proliferation between 
buds, it does so, I believe, at the margin of the colony. This, it is 
true, cannot be directly observed with ease, since the multiplication of 
cells, which tends to increase the breadth of the colony, must also occur 
at the margin, and one cannot be certain what dimension of the colony 
wall will be augmented by any given case of nuclear division. My 
belief rests on the following evidence. (1) In the same adult colony 
the distance of the youngest bud from the margin is not the same 
in all regions. This is not what we should expect if the distance of 
the youngest polypides from the margin remained unchanged during the 
growth of the colony. (2) There is a gradual increase in the amount 
of metamorphosis exhibited by the cells as one passes from the margin 
towards the middle of the roof. Figure 60 (Plate VI.) shows a rather 
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marked example of a very common, although not universal, condition 
of the lateral margin of the colony. The epithelium of the margin is 
composed of columnar cells, which are higher (54 fi) than those of the 
roof (48 /a), and also of a less average diameter (8.4 ^) than the latter 
(18.2 /a). Moreover, the cells are very little metamorphosed. In pass- 
ing towards the roof {tct.), the cells are seen to become more and more 
metamorphosed, the secreted bodies (cp. see.) becoming relatively larger. 
Figure 55 represents the maigin in a more metamorphosed state than 
Figure 60. Although this condition of things is not incompatible 
with the idea of a passive margin, it strongly suggests that this region 
is one of proliferation, by which cells are added to the roof, and thus 
the distance from the youngest polypide to the margin is virtually 
increased. This conclusion receives a very important confirmation 
from the study of the origin of the radial partitions, the treatment of 
which must be deferred for the moment. Although new ceUs are being 
added to the roof at the margin, yet the distance from the youngest 
polypide to the margin is not greater in old than in young colonies. 
How, then, is the approximate constancy of this distance maintained 1 
Evidently it can only be by the process (which I have already shown 
must take place) of migration of some of the young buds at the base 
of the ectoderm, particularly in the case of median buds. The ten- 
dency of the migration of young buds towards the margin is to diminish 
the distance between the front of the budding region and the margin 
of the colony. The tendency of cell proliferation at the margin is to 
increase that distance. The actual distance is the resultant of these 
two opposing factors, and may be less or greater in different parts of 
the same colony, according as the one or the other is the more active. 
If we assume, further, that the cells added to the roof and sole from 
the margin plus those derived from the necks of the polypides are 
equal in amount to those lost by the degeneration of individuals in the 
middle of the colony, we have a sufficient explanation of the fact, 
observed long ago, that the adult colony of Cristatella maintains a 
nearly constant width. 

7. Origin of the Radial Partitions. — I know of nothing on this sub- 
ject by any previous author. The radial partitions consist of a muscu- 
laris covered on both faces by a very thin epithelial layer (Plate X. 
Fig. 95, 1). The muscle fibres of the muscularis arise from the already 
formed longitudinal muscles of the wall of the colony at the region of 
transition from the sole to the roof (Plate VI. Fig. 55, mu.). As the 
muscle fibres move into the ccenocoel, they carry before them the coelo- 
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mic epithelium of the region from which thej arise. It is owing to 
this method of origin that the epithelium comes to clothe hoth faces 
of the partition. The process by which the muscle fibres move into 
the coenocoel appears to be this. The end of a fibre nearest the roof 
becomes fixed to a certain part of the muscularis of the roof, and is 
left behind with it when the margin is carried outward (potentiallj) as 
the residt of cell proliferation. Thus from a nearly horizontal position 
the fibres attain a direction at first oblique, and then perpendicular to 
the sole. In some instances the upper ends of the fibres move through 
an arc of more than ninety degrees, so that they are ultimately directed 
upward and inward, i. e. towards the centre of the colony. (Ck>mpare 
m«, mu\ ma\ Fig. 55, Plate YL). This process is also indicated in 
two horizontal sections (Plate X. Figs. 95 and 96), the former being 
nearer the sole than the latter. This is a region of active budding, and 
in consequence new compartments or branches are being rapidly formed. 
The numbers 3, 4, 5, and 6 (Figs. 95, 96) show the positions of young 
partitions, which are shorter above than below, owing to the oblique 
position assumed by the innermost muscle fibres of the partition. The 
oblique position is due to the fact already demonstrated (Fig. 55, 
Plate YL), that the tectal end of the muscle of the partition first 
appears at the margin nearer the sole than the roof. At 2 (Fig. 96) 
there is apparently an interesting case of the formation of a new pais 
tition by the detachment of certain fibres from the muscularis of an 
old one. The fibres, moving away laterally, take with them a covering 
of coelomic epithelium. Near the sole this process has progressed far- 
ther than it has nearer the roof, so that in Fig. 95 the detachment 
appears complete, whereas in Fig. 96 the union is still visible. This 
method of formation is intelligible when one considers that the muscu- 
laris of the partition often contains more than a single layer of muscle 
fibres. Thus, in Figure 87, mu., thero are two or three layers of fibres 
in the section. Figure 86 represents a section cut vertically and at 
right angles to a partition near its union with the marginal wall of the 
colony, and shows three fibres of the longitudinal or inner layer of 
the muscularis lying side by side in the partition. 

B. — COMPARATIVB AND ThSORETICAL ReVIEW OF THE OBSERVATIONS ON 

THE Origin of the Individual. 

What bearing have the facts here adduced on those given for other 
groups of Bryozoa, and what is their probable significance in relation 
to the general problem of non-sexual reproduction Y 
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1. Origin of the Polypide. — Lateral budding (as distinguished from 
linear budding, such as occurs in Turbellaria, Cbffitopods, &c.) may 
be roughly classified under two types, in one of which the young indi- 
vidual arises directly from the body-wall of the parent, as in Hydra. 
In the other, the young arise, one after the other, from a mass of 
embryonic material derived from a parent individual, — from a stolon, 
as in Salpa. In the group of Bryosoa both of these methods seem to 
be present. In such a form as Paludicella (AUman, '56, pp. 35, 36, 
Korotnefif, '75, p. 369) we have an example of the direct type; in Pedi- 
cellina we have a stoloniferous genus. Also in the marine Ectoprocta 
examples of both types appear to occur (e. g. Flustra, Hypophorella). 
To which of these classes does budding in Cristatella belong) It seems 
to me that we have here an instructive example of a transitional condi- 
tion. The young polypide of Figure 3 arises directly from the mother 
polypide, and may represent a case of the first dass. Is the type of 
Figure 2 a representative of the stoloniferous class? It seems to me 
that it partakes of the essentials of that class, although, as I have 
shown, it may be united by intermediate stages with the first class. 
I understand a stolon, in its morphological sense, to signify a mass of 
embryonic ceils derived from a parent individual, and capable of repro- 
ducing non-sexually one or more daughter individuals at some distance 
frt>m that parent. The condition shown in Figure 15, Plate II., in which 
the embryonic cells of the two layers represent the stolon, may fairly 
be said to answer to this definition. The mass of cells (III.) represents, 
then, the distal end of the stolon. But th^ stolon does not end here, 
although its further progress towards the margin is delayed. Not all 
of its cells go to form the polypide which arises at this place. On the 
contrary, some of them remain in the *' neck " of the new polypide, in 
an indifferent histological condition, and later give rise, either directly, 
or by the intervention of a typical stolon, or by both, to one or two 
new buds. Those cells of the neck which do not thus pass over into 
new buds for the most part degenerate (page 144). According to this 
view, the neck of the polypide is to be regarded as at first essentially 
a portion of the stolon. 

2. Interrelation of the IndvviduaU in the Colony. — The interrelation 
of individuals in the colony in Cheilostomata has been most carefully 
investigated from a morphological standpoint by Nitsche ('71, pages 35, 
36), who showed that, in opposition to Smitt's theory, each new indi- 
vidual arose from a single preceding one, and that the latter, in order 
to increase the breadth of the colony, might give rise to two individuals 
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instead of ona Reichert ('69, p. 311, Fig. 28, Plate YI.) has stiown 
that in Zoobotryon (one of the Ctenostomata) " an der Mantelflache, 
und zwar einseitig, inseriren die Biyozoenkopfe mit Alternation in par- 
allelen, wie es scheint, langgezogenen spiralig Terlanfendea Reihen an- 
georduet." Nitsche (75, p. 370) states that the buds in Loxosoma 
arise from the mother alternately on opposite sides, and that the 
younger the bad, the nearer it is to the foot of the parent individual 

Both Hatscheck (77, pp. 617, 518, Fig. 33, PUte XXIX.) and Seeli- 
ger ('89, p. 1 76) show that in Pedicellina young individuals are devel- 
oped in the plane of the older ones, and are successively formed at the 
growing tip of the stoloUi towards which the oBSophageal side of all 
individuals is turned. This relation is the same as that which we have 
found in Cristatella. In Cheilostomata, however, it is apparently the 
anus which is turned towards the budding margin. 

Thus, throughout the group of Bryozoa, we find that the position which 
young buds assume in relation to older individuals is very definite. 

I am inclined to believe that the radial partitions of Cristatella sep- 
arate the morphological equivalents of the isolated branches of such a 
form as Plumatella punctata (see Kraepelin, '87, Taf. V. Figs. 124, 125). 
The type of budding which gives rise to the series of median buds may, 
then, be represented, as seen from the side, by 
Figure B. The margin (*) will then represent 
that portion of the body-wall of the youngest 
individual, which will give rise to a part of 
the body-wall of the next younger individual. 
The process by which the body-wall of the individual of Cristatella is 
formed is therefore, in my opinion, different fix)m that which Braem 
describes in the case of Aloyonella, for he maintains that in Alcyonella 
the proper body- wall of an individual arises later than its polypide. In 
fact, the tip of the branch of Alcyonella is somewhat different from 
that of Cristatella. In the former, it is occupied by the polypide of a 
budding individual ; in the latter, a part of the body-wall of the bud- 
ding individual is pushed out beyond the polypide. In the former, the 
foundations of the daughter polypide are pushed out upon the body- 
wall of the mother, and begin to form their own proper body- wall ; in 
the latter, the young bud migrates away into the modified part of the 
body -wall of the mother, which forms the extremity of the branch, and 
which now becomes a part of the body-wall of the daughter polypide. 
This distal part of the body-wall grows independently of the polypide 
by interstitial growth, and thus differs from any part of the body-wall 
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of the individual of Alcyonella, for all of it, according to Braem, is de- 
rived from the neck of its own polypide. This last method of origin 
of the body-wall I believe to be also present in Cristatella, as well as in 
Alcyonella, as I shall have occasion to show later (page 144). 

In Paludicella, according to both AUman ('56, pp. 35, 36) and Eorot- 
neff (75, p. 369), the formation of the body-wall of the new individual 
is begun before the appearance of the polypide. In Cheilostomata^ as 
both Nitsche ('71, p. 22) and Vigelius (*84, p. 75) have shown, and in 
Gtenostomata, as demonstrated by Ehlers ('76, pp. 91, 92), the ** zooe* 
cium " arises before the polypide takes on its definite form. 

3. Origin of the Layers. — Although later researches have only con- 
firmed the conclusion arrived at long ago, that in Tunicates cells from 
all three germinal layers of the parent pass over into the bud, the 
facts in Bryozoa have seemed not to favor the view of the fundamen- 
tal nature of this process. To be sure, Hatschek (77, pp. 517-524) 
believed that he had found evidence of a condition in the budding 
of Pedicellina exactly comparable with that in the budding of Tuni- 
cates ; but the more recent studies of Harmer C86, p. 255) and Seeliger 
('89) have failed to confirm his results, if they have not satisfactorily 
explained the source of his error. 

What is the relation of the condition I have described in Cristatella 
to the question of the transmission of a part of each germinal layer to 
the bud, and in how far do the conditions here agree with our present 
knowledge of the budding process in other groups of Bryozoa 1 Al- 
though my results accord with Hatschek's in this, that the youngest 
and next older buds are intimately related, that the corresponding 
layers in each are derived from the same cell layers, and that the inner 
layer of the bud is not derived directly from the overlying ectoderm, 
they do not strengthen the idea of the fundamental importance of his 
doctrine, '* Die Schichten der jiingeren Knospe stammen von denen der 
nachst alteren direct ab." Moreover, they afford no evidence of the 
accuracy of his conclusion, that the inner layer of the bud is com- 
posed of entoderm ; indeed, since this inner layer does not give rise to 
the alimentary tract alone, as he supposed, but to the nervous system 
also, the facts in Cristatella tend to weaken his hypothesis. In order to 
determine finally just what the origin of the stolon from which the 
inner layer arises is, it will be necessary to study the origin of the first- 
formed polypides* This I have not yet been able to do. Our present 
knowledge on the subject is still in an unsatisfactory state. 

Allman ('56, pp. 33, 34) has described and figured some stages in the 
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development of the egg, but without refernng to gastrulation, or the 
layers involved in the first polypide. 

Metschnikoff ('71, p. 508) and Nitsche (75, p. 349) maintain that 
the outer layer of the embryonic ** cystid " goes to form the inner layer 
of the primitive polypides, and that its inner layer forms the outer 
layer of the polypides. 

Eeinhard ('80% pp. 208-212) is more explicit concerning the early 
stages than preceding authors. Apparently the egg segments regularly, 
and undergoes embolic invagination. The blastopore closes. There is 
a circular groove in the anterior part of the embryo (Barrois's mantle 
cavity), and from the cap or ^* hood " which the mantle cavity sur- 
rounds, the wall of the ** cystid " or colony-wall is subsequently formed. 
The embryo is already composed of three layers, '' an outer, the tunica 
muscnlaris, and the entoderm." All three layers of the '^ hood " share 
in the formation of the polypidesi but the fate of each layer is not 
dearly described. 

Haddon ('83, p. 543) suggests that the gastrula is to be regarded as 
one in which the alimentary tract is retarded in development, and that 
the enlarged ocslomio diverticula, such as occur in Sagitta, etc., line 
nearly the whole of the so-called archenteron. From the small mass of 
true entoderm at the pole opposite the blastopore the alimentary tract 
arises. This suggestion, unfortunately, has no positive facts for its 
support, and could be of service only upon the assumption that the 
alimentary tract of the first polypide is formed from the inner layer of 
the *' cystid " ; but this assumption is contrary to the observation of all 
who have written on this subject. 

Eraepelin ('86, p. 601) has also observed the '* gastrulation," but he 
believes that it is to be interpreted as the precocious formation of an 
enterocQBl, in which case the invagination to form the first polypide is 
to be regarded as the true gastrulation, the inner layer of the cystid as 
mesoderm, and the inner layer of the bud as entoderm. 

By far the most satisfactory and complete account of the embryology 
of fresh-water Bryozoa is that of Korotneff, '89. The genera studied 
were Alcyonella and Cristatella. Since the development takes place 
inside of an ooecium, the use of the section method is necessary for the . 
elucidation of the details of the embryological processes. Apparently 
the egg segments regularly and forms a blastula. Loose cells are given 
off from the inner surface at one pole of this blastula. These arrange 
themselves in an epithelium, lying immediately inside of the ectoderm, 
over a part only of its inner surface ; so that while the upper two-thirds 
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of the embxyo has two layers, the lower third is one-layered. The 
cavity of the lower third contains some scattered cells, which, the au- 
thor hints, may be representatives of the mesodeim, while the cavity in 
which they lie may represent an enterocoel. The author regards the in- 
ner layer of the upper two-thirds as true entoderm. The method of its 
formation recalls that of the entoderm of some Ccelenterata, as demon- 
strated by Metschnikoff. There is no epithelial invagination, such as 
Kraepelin maintained, and therefore the cavity which the inner layer 
lines cannot be regarded, says Korotneif, as an enterocoBl. Later, the 
entire embryo becomes two-layered by an extension of the inner layer. 
The two polypides arise from two distinct invaginations of the double- 
layered wall. 

Unfortunately, Korotneff does not demonstrate by figures the method 
of origin of the alimentary tracts of the first polypides ; but there is 
little reason to doubt that it is essentially like that in other buds. If 
it is admitted that the inner layer is entoderm, as Korotnefif maintains, 
then the entoderm takes no part in forming the digestive epithelium ; 
but the latter is derived solely from ectoderm. 

In his discussion of the theoretical bearing of his results (p. 404), the 
author seems to maintain that the polypide is to be regarded neither as 
an individual (Nitsche's view), nor, on the other hand, as an assemblage 
of organs homologous with organs of the same name in other groups ; 
but rather as a new structure, developed upon the cystid, to aid in its 
nutrition. 

In criticism of KorotneiTs view, that the loose cells given off from 
one pole of the blastula are entoderm, I may point out that this process 
bears quite as much resemblance to the process of '* mesenchyme " 
formation (as described by Korschelt for the Echinoids), as it does to 
the origin of the entoderm in some Coelenterates. Compare Figs. 13 E 
and 182, in Korschelt und Heider's Lehrbuch der Vergleichenden £nt- 
wicklungsgeschichte. 

Braem ('89^ pp. 676, 677) has shown that the primary polypide of 
the statoblast arises from the cell layers of the statoblast, exactly as the 
primary polypide of the egg embryo does from those of the " cystid," 
and the alimentary tract is formed as in buds of Cristatella. 

To sum up : The outer layer of the colony-wall is ectodermal in ori- 
gin ; the inner layer arises by an embolic (1). invagination of the blas- 
tula, and would therefore appear to be entoderm, although the possibility 
of its being homologous with the mesoderm in other forms is perhaps 
not excluded. The first polypides so arise that their inner layers are 
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formed by an inTagination of the outer layer of the colony-wall, and 
their outer layer from the inner layer of that walL 

In Eftdoproda, Seeliger ('90, pp. 176-187) has shown decisiyely that 
the inner layer of the bud is derived solely from the ectoderm, and that 
this inner layer gives rise to the digestive epithelium of the alimentary 
tract, to the nervous tissue of the brain, and to the outer layer of the 
tentacles. Here mesenchymatous cells, representing undoubtedly meso- 
dermal tissue, come secondarily to surround the polypide as a loose 
outer tissue. In Lozosoma the same is probably true. 

The conditions of budding in GymnolcemcUa are more difficult to un- 
derstand. In Paludicella the bud seems to arise as in Phylactolsemata 
(AUman and Korotneff). The same is probably true for Alcyonidium 
(Haddon, '83, p. 523, Plate XXXVIII. Fig. 23). In the Cheilostomata, 
however, the fact of the great development of a loose mesenchyme-like 
tissue obscures the process, and makes it difficult of interpretation. 
This tissue, which is known under three probably homologous terms, — 
** Funiculargewebe,'* Nitsche, " Parenchymgewebe " in part, Yigelius, 
and ** Endosarc," Joliet, — is to be considered as representing the funicu- 
lar and coelomic tissues of Phylactolsemata. The most careful observar 
tions on the origin of this tissue are those of Joliet ('77, pp. 249, 250, 
and '86, pp. 39, 40) and Yigelius C84, p. 76). Both authors assert 
that this tissue is derived from cells given off from an epithelium at the 
distal end of the budding individual Yigelius ('84, pp. 19, 79) believes 
that this epithelium is ectodermal, and that it is the sole rudiment of 
this layer; but Ostroumoff ('85, p. 291) and Peiigens ('89, p. 605) 
have shown that the ectoderm persists and secretes in its cells the cal- 
careous ectocyst. It seems more probable, however, that the ^' funicu- 
lar tissue" arises from the inner layer of the body-wall (Nitsche, '71, 
p. 37, Plate III. Fig. 5, c), and is the equivalent of the coDlomic epithe- 
lium of Cristatella. The fact that many of these mesenchymatous cells 
conglomerate in the formation of the polypide sufficiently accounts for 
the origin of its outer layer of cells. The origin of the inner layer is 
problematical, if, as is asserted to be the case by several authors, the 
bud is not formed in the region of the body-wall. 

It will be premature to speculate upon the significance of the &cts 
of budding in the Ectoprocta until we shall have gained a more com- 
plete knowledge of the ontogeny of the group, and of the relationship 
of the Cheilostomatous to the Phylactolsematous type through compara- 
tive agamogenetic studies. It may appear in the end, that, under cer- 
tain circumstances, undifferentiated embryonic tissue, derived from a 
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certain germ layer, can assume the task of building organs in budded 
individuals similar to those derived from a different layer in the sex- 
ually produced individual. 

Whatever may be the truth of the conclusions reached by Haddon 
('83, pp. 548, 549, 552) and by Joliet ('86, pp. 54-56), that the nervous 
system aud the alimentary tract arise from two distinct layers, or kinds 
of cells, in the species studied by them (and their evidence is certainly 
not conclusive even for these), their attempts (Haddon, '83, p. 540, 
Joliet, '86, p. 57) to apply their results to the Phylactolsemata are not 
justified by the observations which are here presented, nor by those 
which have been made upon most Gymnolaemata aud Endoprocta. 

4. Origin of the Alimentary TracL — There is a curious difference 
between the Endoprocta and the Ectoprocta in the development of the 
oigans of digestion. Seeliger (^89, pp. 182-184) has shown for Pedi- 
cellina, that the cesophagus and sUmaek arise as an evagination of 
the oral wall of the young bud, which secondarily becomes connected 
with the proctodeum. Haddon ('83, pp. 517, 518) has shown for 
Flustra, Barrois ('86, pp. 73-86) for Lepralia, Braem (^89^ pp. 677, 678) 
for the statoblast polypides of Cristatella, and the present paper for the 
polypides in the adult Cristatella, that the oesophagus only is formed 
on the oral side, the stomach arising with the rectum on the anal side 
of the atrium. In all cases the oesophagus is formed first (Plate II. 
Fig. 13). A comparison of my Figure 18 with Figure 41, Plate XXX., 
of Hatschek ('77), shows a striking resemblance between the two. The 
form of the alimentary tract and the depression to form the ganglion 
are practically identical ; and were the tentacles to arise directly from 
the immature lophophore arm (6r. loph,. Fig. 18), and from the circum- 
oral fold which has already appeared, it would be difficult to decide 
whether the anus opened outside or inside the circlet of tentacles, — 
whether, at this stage, the Cristatella polypide were ectoproct or 
endoproct. 

6. Origin of the Central yervous System. — The only observations on 
the origin of the brain in Bryozoa relate to Phylactolsemata and Endo- 
procta. In buds of Pedicellina, the ^ganglion is formed, according to 
Hatschek ("77, p. 520), as an invagination of the floor of the atrium, 
which later becomes cut off as a hollow sac Harmer ('85, pp. 274, 275) 
has studied the origin of the ganglion in the bud in Lozosoma. He 
states that it is derived from the floor of the vestibular [atrial] cavity, 
and (apparently on purely theoretical grounds) that this latter is ecto- 
dermic. ''In a longitudinal section through a fairly advanced bud 
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(Fig. 15) it is seen that a narrow slit-like diverticulum of the vestibule 
passes behind the epistome. This diverticulum,. which remains in very 
much the same condition throughout life, does not give rise in toto to 
the ganglion, which is merely formed by a differentiation of some of its 
ectodermic cells," Harmer further doubts Hatschek's account of the 
formation of the ganglion in Pedicellina, and believes that the lumen of 
Hatschek's hollow sac is in reality the commencement of the fibrous 
tissue which occupies the centre of the ganglion in the adult, and 
which in optical sections might easily be mistaken for an empty space. 
'* Similarly," he continues, '^Nitsche has described the ganglion oiAlcyo- 
nella as originating as a diverticulum from the tentacle sheath. I regard 
it as probable that the explanation which I have suggested for Pedicd- 
Una will hold also for Alcyorulla," The conditions which every student 
of the embryology of Phylactolsemata has stated since MetschnikofiTs 
paper in 1871, and which my own results reaffirm, do not warrant Har- 
mer's conclusions. The nerve fibres are very evident in the adult ganglion 
of Cristatella, and in addition to them there is a cavity, ontogenetically 
derived from the atrium, which, as Saefitigen ('88, p. 96) has also 
shown for Phylactolsmata, contains no histological elements (Plate V. 
Fig. 62). 

6. Origin of the Funicvlui and MuteUs, — The origin of the so-called 
frmicular tissue in Gymnolsemata has been described already (page 126). 
This same tissue also gives rise, according to Yigelius ('84, pp. 34, 35) 
and others, to the retractor muscles of the polypide. As I have already 
shown (pages 115-117, Figs. 22, 54), in writing of the origin of these 
tissues in Cristatella, the ccelomic epithelium gives off cells, some of 
which take on an amoaboid appearance, and, uniting together, form that 
end of the funiculus which is attached to the oolony-walL Other cells 
from the coelomic epithelium pass directly to the adjacent outer layer of 
the bud, to form the nascent retractor and rotator muscles. Both of these 
organs are, however, formed in part from cells composing the outer 
layer of the bud, — itself closely related ontogenetically to the ooolomic 
epithelium. 

These facts would seem to confirm the conclusion which the similar 
relation of the two layers would suggest, namely, that the coelomio 
epithelium of Phylactolsdmata is the homologue of the *' endosarc " of 
Gymnoleemata. 
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IV. Organogeny. 

1. Development of the Ring CanaL — Nitsche ('75, p. 358) describes 
the ring canal as a furrow arising from the opening of each of the lopho- 
phoric pockets, and running towards the oral side of the bud. In a later 
stage, both layers become deeply implicated in this furrow, and the 
ring canal is completed by a growing together of the edges of the 
furrow. 

Braem ('89^ p. 679) merely states that he cannot fully agree with 
Nitsche's description of the formation of the ring canal. 

As a result of my own studies on this subject, I have reached the 
conclusion that the circumoral branch of the ring canal makes its first 
appearance in the median plane in the oral region at about the time 
that the depressions of the lophophoric pockets are first indicated. The 
formation of both organs is preceded by a preliminary thickening of the 
inner layer of the bud (Plate IV. Fig. 26, br, loph., and Plate III. Fig. 
17, can, crc). It is only later, after the lophophoric pockets have at- 
tained considerable depth, that the groove of the incipient "ring canal " 
appears continuously on the side of the polypide, extending from the 
. pre-oral region to the lophophoric pockets (Plate IV. Figs. 33, 35, 37, 
can. crc). 

As indicated in the successive stages of Figures 18 and 19, Plate III., 
the thickening of the inner layer anterior to the mouth is followed by a 
fold at this point inyolving both layers. The fold is deepest in the pre- 
oral part of the median plane, and becomes shallower as it proceeds pos- 
teriorly. Finally, the outer-layer cells of the lips of the fold approach 
each other and fuse, thus forming a true canal (Plate IV. Fig. 33, can, 
ere). Kraepelin ('87, p. 57, Figs. 72, 73, qb.) asserts that this canal 
does not communicate at its neural ends with the coBnocoal, but that it 
is always closed by a strong " Querbrticke ^ connecting the '* Eampto- 
derm" with the alimentary tract By making sections of the colony 
parallel to the sole, dozens of individuals are cut through the entire 
length of the circumoral ring canal. Although I have examined many 
individuals cut in this way, I have never succeeded in finding in Crista- 
tella this closing "Querbrticke"; but in both young and old specimens, 
sections nearly corresponding to Kraepelin's Figure 72 show a perfectly 
uninterrupted semicircular space surroimding the oesophagus, and open- 
ing freely into the ooenocoBl on each side of the brain (Plate IX. Fig. 78, 
can. crc). I must therefore conclude that in Gristatella the fluids of 
the cavities of the circumoral branch of the ring canal, and therefore 
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of the tentacleB also, are in free communication with the fluids of the 
common body cavity. Afl Figure 51, Plate Y., shows, the posterior ends 
of the ring canals open into a pair of cayities which' are the bases of the 
lophophonc pockets, and by a comparison of Figures 61-63, can. ere, can, 
crcJy Plate Vll., it will become apparent that they each become confluent 
with a furrow which passes up the lophophore arm, and from which the 
outer lophophoric row of tentacles is developed. Further, by a com- 
parison of can. ercJ\ can, crcJ", in Figures 61-63, Plate VII. (dextro- 
sinistral vertical sections), and Figure 50, Plate Y. (horizontal section, 
compare also Fig. 52, a sagittal section), it will be seen that from 
the tip of the lophophoric arm a groove {can, crcJ^ passes down upon 
the side opposite to the ascending groove (can. crc.^, and, reaching the 
base, turns abruptly anteriorly (can. erc,"\ Fig. 50), and finally, in 
a later stage, becomes confluent with its fellow of the opposite side 
in the median plane just behind the epistome and above the brain. 
It would be quite unnecessary for me to give figures showing the 
course of this supraganglionic canal (cf. Fig. 52, Plate Y.). It has 
long been recognized, and is shown in Kraepelin's ('87) Figure 66, 
Taf. II. This is probably what Yerwom ('87, pp. 114, 115, Figs. 20 a, 
20b, Taf. XII.) has described as a "segmental organ." Braem (*89^ 
p. 679) has given to it the name '^GabelkanaL'' The " Ringkanal " of 
Nitsche is, then, to my mind, merely the circumoral portion of a groove 
which is elsewhere unclosed to form a proper canal and which lies at 
the base of all tentacles. My reason for avoiding another term for the 
unenclosed portion of the " canal " is, that I regard the whole as mor- 
phologically equivalent to the ring canal of Gymnolsemata, which is 
said to be closed throughout. 

2. Development of the Lophophore. — The early stages in the forma- 
tion of this organ are well known, both from the descriptions of Nitsche 
('75, pp. 357, 358) and the earlier ones of Allman and others. 

I have already (page 114) shown how the cavities of the lophophoric 
pockets become confluent between the rectum and ganglion, and how 
their opposed walls, formerly passing over into each other through the 
floor of the brain, are now anteriorly continuous by means of the new 
floor of the atrium, and posteriorly are fused together. 

The union of the inner layers of the two opposed walls of the lopho- 
phore arms (Plate Y. Fig. 44, loph.*) continues, however, for some dis- 
tance above the floor of the atrium, up to within a short distance of the 
tips of the young arms (Plate YII. Figs. 61, 62, lophJ), As the arms 
grow longer, the relative extent of their free and fused portions remains 
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approximately the same. The free ends of the arms are shown in 
Figure 99, Plate XI., just above lophf. The polypide figured here is 
only slightly older than that of Figure 77, Plate IX. The connection 
between the two arms is not one of contact merely^ for in the region 
of fusion one can count roughly three layers of nuclei, whereas each of 
the two free portions of the same ceU layer contains but one layer 
of nuclei (Fig. 99). 

Before the atrial opening is formed, a separation of the two arms 
begins to take place. This process commences at the base of the arms, 
and proceeds upward as the tentacles of the inner row successively 
reach a certain stage of development. As the work of separation pro- 
gresses, the cells of the connecting band lose their capacity for becoming 
stained and appear vacuolated. The vacuoles increase in size until the 
connection between the arms is reduced to a series of fine threads 
(Plate VIII. Fig. 75, lopkJ), which are probably simdered when the ten- 
tacles of the inner row {can. crcJ'y Fig. 76) bend at right angles to their 
former position to become parallel to those of the outer row. In at- 
tempting to find an explanation of this process, it must first be ascer^ 
tained how the arms of the lophophore grow in length. One is perhaps 
inclined to think of a terminal growth, but this does not take place. 
So far as I can judge from an examination of many longitudinal sec- 
tions of the arms, cell proliferation goes on throughout the whole length 
of the arm, aud with nearly equal rapidity in all parts. The distance 
between the centres of the terminal tentacles is about the same as in 
the case of the more fully developed proximal ones, but they are closer 
together in the young arm than in the adult one. This being the case, 
there ought to be as many (incipient) tentacles in the young as in the 
adult, and I find that to be, so far as I can determine, very nearly or 
exactly the case. 

The horseshoe-shaped lophophore being characteristic of the Phy- 
lactolflemata, a study of its development is important, since it may be 
expected to throw light on the phylogeny of the group. We have in 
Cristatella, Plumatella, and Fredericella, a series in which the arms of 
the lophophore are shorter and shorter, in correspondence with other 
changes, by which is effected a gradual transition to the Gymnolsemata, 
which have a circular lophophore. In Gymnoloemata, the ring canal 
lies at the base of all tentacles in the adult. The anus lies outside the 
circle of this canal. The brain lies within the lumen of the canal. 

Nitsche (71, pp. 43-45) has given the best description extant of the 



Digitized by 



Googk 



132 BULLETIN OF THE 

development of the lophophore in Gymnoleemata. At a very early 
stage, the rudiments of the tentacles, be says, are seen lying in a 
U-shaped line, surrounding the mouth in front, but unclosed behind. 
The same is true for Paludicella (Korotneff, '75, p. 371). The post- 
oral tentacles make their appearance at the posterior free ends of the 
row of tentacles. They .are bent slightly downward, so as to be con- 
cealed by the tentacles above. At a later stage, the tentacles lying 
next to the anus gradually come to lie nearer to the anal side of the 
mouth opening, the nearly parallel lateral rows lose their compressed 
appearance, and a circular basiu is formed whose walls are constituted 
by the corona of tentacles. 

In Pedicellina (Hatschek, '77, pp. 520, 521) the tentacles arise as 
6ve pairs of papilla-like processes in the upper part of the atrium. 
Two additional pairs are formed later nearer the anal opening. In the 
adult (Nitsche, '69, p. 21) the tentacles are arranged with bilateral 
symmetry, and so tliat the plane of symmetry passes through two inter- 
tentacular spaces, which are thus the only unpaired spaces ; they are 
also much broader than the others. 

One might be inclined to ask by what modification of the condition 
of the tentacles in Endoprocta we may suppose the condition in Ecto- 
procta to have arisen, but the question is not a fiiir one. I have 
already (page 127) shown that the young bud of Cristatella has many 
points of similarity to a well advanced Endoproct. This similarity 
leads me to the conclusion that the common ancestor of the Endo- 
procta and Phylactolsemata more nearly resembled the former than the 
latter group. But the Endoprocta are not that common ancestor; 
rather they are themselves more or less modified descendants of it. 
The proper inquiry is, To what ancestral relation between tentacles and 
anal opening does a comparison of the ontogeny of Endoprocta and 
Ectoprocta point, and by what modifications of that ancestral type may 
the two divergent types of the present be derived 1 Eliminating for a 
moment the evidently coanogenetic character of the lophophore arm, an 
early stage of either Endoprocta or Ectoprocta reveals a U-shaped band 
from which tentacles are to arise. This band completely encircles the 
mouth, and passes posteriorly as far as the anus. This is the condition 
of the Endoproct bud, with only five of its seven pairs of tentacles 
formed ; it is also the condition of the Cristatella bud of Stage XII L 
(compare Figs. 19, 44). Starting from this common condition, that of 
the adult Endoproct, on the one hand, was attained by the addition of 
two pairs of tentacles posteriorly, thus nearly completing the circlet 
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behind the anus. The condition of the adult £ctoproct, on the other 
handy was reached by the curving oralwarda, and the meeting of the 
free ends of the rows of tentacles between the mouth and anus, thus 
shutting the anus outside of their circle. In evidence of this latter 
assertion, I submit the following comparative statement. 

As Nitsche has shown for Gymnolsemata, the tentacles on the ring 
canal are first arranged in two rows, placed bilaterally, and meeting 
in front, but not behind. Later the hindermost of the tentacles move 
forward and toward the median plane, thus completing the circlet of 
tentacles at a point behind the mouth, but in front of the anus. I be- 
lieve the circumoral ring canal plus the early invaginations of the lopho- 
phorio arms in Fhylactoleemata to be homologous with the ring canal 
of Gymnolsemata in its early stage ; like the latter, it is closed in front, 
but has two free ends behind. The difference lies in the greater devel- 
opment of the posterior ends of the canal, which latter have become 
thrown into a vertical fold to afford space for more tentacles. At this 
stage of development it would be difficult to say whether the anus 
opened within or without the corona of tentacles. As in Gymnolsemata 
the circle is completed by a movement inward of the posterior tentacles, 
so in Phylactolsemata the corona of tentacles is completed in front of the 
anus by the two anterior processes, can, crcJ"^ Figure 50 (cf. Fig. 44), 
of the lophophore arm, which come to unite just behind the epistome. 
Figures 52, 81, can. crc,'" The lumen of this process of the lophophore 
arm thus forms that portion of the ring canal which, as I shall show 
directly, is the morphological equivalent of the most posterior portion 
of the ring canal in Gymnolasmata. The tentacles which arise from 
this portion of the ring canal are ontogenetically, and therefore phylo- 
geuetically, the youngest. As in Gymuolaemata, so here the moving for- 
ward of the most posterior tentacles obliterates the basin-like floor of 
the atrium, such as we see in Endoprocta, and leaves the anal opening 
far outside the circlet of tentacles. 

The answer to the question, How may the horseshoe-shaped tentac- 
ular corona of Phylactolsemata be homologized with circular ones? is 
involved in the answer to the preceding query. Nitsche (75, p. 357) 
believed the lophophoric arms to be "primary tentacles,** and the 
tentacles borne on them to be secondary tentacles, '* Gar uicht ohne 
Weiteres mit den Tentakeln der Infundibulata von Gervais zu verglei- 
chen," The only evidence which he offers in support of his theor}' is 
the fact that the tentacles on the lophophore arm arise later than the 
arm itself. 
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The tentacles of Phylaotolaemata may be distributed into two groups. 
The first includes those which arise from the circumoral branch of the 
ring canal. The ring canal, from which they spring, begins to be formed 
at nearly the same time as the lophophoric arms. These tentacles are 
undoubtedly homologous with those of the same region in Endoprocta 
and Gymnolseraata. The second group of tentacles includes those which 
are borne upon the lophophore arms and upon the supraganglionic ring 
canal. Are these comparable with the posterior tentacles of Gymnolse- 
mataY I believe they are, and for the following reasons. Nitsche's 
reason for supposing that they are not is unsatisfactory, since, if we re- 
gard the lophophore arms as mere upward folds of the wall of the ring 
canal, we should expect to have the tentacles arise later than the arms. 
The fact that the tentacles of the lophophore arm arise much later than 
those of the circumoral region is what we should expect, since the pos- 
terior tentacles arise later than the circumoral ones in both Endoprocta 
and Oymnoliemata, — a ci-iticism which Hatscbek (77, p. 541) has 
already applied. Iii direct support of my belief are the facts, (1) that 
the ring canal is continuous along two sides of the lophophore arms, 
which would be the case if they were mere upward folds of the wall of 
the ring canal ; (2) the structure of the tentacles is the same as that 
of the oral ones, and the relation of their intertentacular septse to the 
ring canal of the arms is the same as that of the septse of the oral ten- 
tacles to their ring canal, as Kraepelin ('87, pp. 55, 56) has shown. If 
both circumoral and lophophoric tentacles find their homologues in 
Gymnolsemata, we have only to conceive of an elongation of the postero- 
lateral angles of the lophophore of Gymnoleemata, after the forward 
movement of the posterior tentacles, to effect the condition which is 
found in Phylactolsemata. 

The significance of the fusion of the lophophore arms is difficult to 
determine. I had thought it might be possible to find a phylogeuetic 
explanation for it, by regarding the unfused tips of the arms in Crista- 
tella as homologous with the short arms of Fredericella. In studying 
Plumatella, however, where the length of the lophophore arms is inter- 
mediate between that of Cristatella and Fredericella, I have been able 
to find no trace of this fusion. It does exist, however, in Pectinatella. 
I have had no material of Lophopus, upon which it is important to study 
this point. The evidence so far seems to indicate that this fusion of the 
arms during the period of their development is a secondarily acquired 
adaptation to some condition concerning the nature of which I am 
ignorant. 
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3. Development of the TetUacles. — Nitsche C75, p. 359) observed that 
both layers of the bud went to form the tentacle in Phylactolsematay 
and that the inner layer was derived from the outer layer of the polyp- 
ide ; the outer, on the contrary, form the inner cell layer. He states, 
moreover, as already mentioned, that the oral tentacles arise first, then 
those of the outer row of the lophophore arms, of which the basal are 
fully formed before the terminal ones. The tentacles of the inner row, 
he says, are formed last, and in Alcyonella are yet lacking when the 
polypide is first evaginated. 

My own observations confirm in general those of Nitsche. The long- 
est tentacles in a polypide of about the age of that shown iu Figure 77, 
Plate IX., are those arising from the region of transition from the circum- 
oral ring canal (can. ere.) to the outer lophophoric ring canal {can. crc.'). 
The tentacles lying near the median plane, and in front of the mouth, 
are somewhat shorter than these (75fi:52fi). The tentacles situated 
near the proximal extremity of the inner lophophoric ring canal (can., 
ere") are still shorter (50 fi). Those situated at the tips of the lopho- 
phore arms are at this stage about 30 fi. in length. The tentacles behind 
the mouth, arising from the supraganglionic part of the ring canal {can. 
ere/"), are shortest of all at this stage (15 /a). 

The two layers which, as we have seen, go to form the upper wall of 
the ring canal in all its parts, are the ones which give rise to the ten- 
tacles. In Figure 74, to.', Plate VIII. (compare Fig. 51, to.'), young oral 
tentacles are cut transversely at different heights. The circu moral part 
of the ring canal is seen at a point {can. crc.) near which it opens into 
the cavity of the lophophore arm. The plane of the section passes ob- 
liquely upward and anteriorly from this point. The most posterior ten- 
tacle in the lower part of the figure is cut at the base. The calibre of 
the canal (including its wallsj is evidently much enlarged at this point. 
The enlargements of the canal at the base of the tentacles are seen also 
in Figure 78, can, ere., Plate IX. The more anterior tentacles in Figure 74 
show the two layers well marked, but as yet enclosing no lumen. Since 
the tentacles arise from the ring canal at intervals only, the ring canal 
is a tube (or groove) whose lumeu is alternately constricted and ex- 
panded laterally as well as vertically. The lumen is, indeed, often so 
small between the tentacles that the ring canal appears divided into 
separate chambers by a series of transverse septee, which, however, are 
always penetrated by an opening (Fig. 78, can. ere). Figures 73 and 77,. 
ta.'f show, in longitudinal section, successive stages in the development 
of the oral tentacles. The formation of tentacles begins by a rapid cell 
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proliferation at intervals in the upper wall of the ring cnnal ; thus a 
projection is formed at each of these points, which constantly elongates 
to form the tentacle. Figures 70 and 69 (Plate VII.) are longitudinal 
sections of two later stages in the development of tentacles. The inner 
layer, ex, (Fig. 70), becomes gradually thinner as the tentacle grows 
older, and its cells finally become thread-like (Fig. 69, ex,). 

Figure 81 (Plate IX.) shows the arrangement of the tentacles about the 
mouth and over the ganglion in a young polypide. The supraganglionic 
part of the ring canal is cut tangentially just behind the epistome {can. 
crc."^, I have often noticed that, in polypides of about the age of that 
of Figure 77, or older, certain of the nuclei seen in a cross section of a 
tentacle stain more deeply than the others. These nuclei are usually 
two or three in number on each of the lateral surfaces of the tentacles. 
They are evident in Figure 81. I do not know what this difference in 
staining properties signifies. Vigelius (*84, p. 38, Fig. 23) describes 
and figures a condition of the nuclei in Flustra, as seen on cross-section, 
which is similar to that just described. • The deeply staining nuclei in 
Flustra lie on the inner face of the tentacle, are larger than the others, 
and belong to cells which possess no cilia. 

Nitsche (71, p. 43) described the development of the tentacles in 
Flustra as though they were derived exclusively from the inner layers of 
the bud ; but Repiachoff (75» pp. 138, 139, '76^ p. 152) showed that in 
Gheilostomes both cell layers of the bud took part in their formation, 
and he figures an early stage which is quite similar to my Figure 70. 

4. Development of the Lophophoric Nerves, — It has long been known 
that a large nerve passes along the middle of the upper wall of each 
lophophore arm, connecting proxiraally with the corresponding side of 
the ganglion. No observations have been made, so far as I know, upon 
the origin of this organ. Evidently there are, a priori, two possibilities. 
Either (1) the lophophoric nerve is formed by a direct outgrowth of 
the ganglion, or (2) it arises in place from the inner layer of the bud, 
which, since it here forms the outer layer of the lophophoric pocket, is 
the same as that from which the ganglion itself is constructed. By a 
careful study of this nerve in many stages of development, and from sec- 
tions in different directions, I have iiome to the conclusion that it arises 
as an outgrowth of the walls of the ganglion/ and that it penetrates 
between the outer and inner layers of the arm. 

The facts which have led me to this conclusion are these. First, dur- 
ing the formation of the brain, soon after its lumen is cut off from its 
connection with the atrium, its cells begin to divide rapidly (Plate Y. 



Digitized by 



Googk 



MUS£UM OF COMPAEATIYE ZOOLOGY. 137 

Fig. 51, Plate VIL Figs. 63, 68) ; but that the new cells so formed do not 
all remain in the brain is indicated by the fact that the brain does not in* 
crease very rapidly in size. (Compai'e Plate II L Fig. 19, and Plate IX. 
Fig. 77.) This rapid cell division would be iueiplicable upon the as- 
sumption of an origin in ntu* Secondly, at an early stage the lopho- 
phoric nerve is already seen extending from the brain to the adjacent 
inner layer, with which it remains in contact. A longitudinal section 
through the middle of this nerve shows a prolongation of the lumen of 
the brain extending into it, so that its upper wall passes directly into the 
upper wall of the brain, and its lower wall into the conespouding part 
of the central organ (Plate \LL Fig. 68, lu. ffti., n. loph.). The proxi- 
mal part of the lophophoric nerve is thus to be regarded as a pocket of 
the brain. The existing condition is not what we should expect if a 
cord of cells derived from the outer layer of the lophophoric arm had 
secondarily fused with the brain. Thirdly, I have never found any good 
evidence that cells were being given oil from the outer layer of the arm 
at its tip to form- the nerve, where we should look, for such a process^ if 
anywhere ; on the contrary, the nerve is quite sharply marked off from 
the outer layer at this point, as will be seen by reference to Figures 64- 
67 (Plate VIL). These figures represent successive transverse sections 
from a young lophophore arm of about the stage of development of that* 
shown in Figure 71. Figui-es 65-67 were drawn from one arm in about 
the position indicated by the lines 65-67 in Figure 71. Figure 64 was 
drawn from the opposite arm of the same individual, and in about the 
region of Figure 65. In Figures 64 and 65 there is a small space be- 
tween the nerve (n. loph^ and the overlying cells of the inner layer (i.). 
This may be due to shrinkage, but in any event it indicates a complete 
independence between the two cell masses which it separates. Over the 
nerve the cells of the layer % are shorter than elsewhere. This might 
be considered as an indication that the cells had recently divided in 
order to give up cells to the nerve, which, on this assumption, would be 
formed in situ. Three appearances, however, indicate that the cells of 
the layer f. have been rather subjected to crowding at this point, as 
though by a mass of cells forcing their way between them and the layer 
ex., and gradually increasing in volume, (a.) The surface of the layer t. 
is raised above the general level directly above the nerve, (b.) The cells 
of the layer t. are somewhat broader over the nerve than elsewhere, and 
the nuclei are shorter, but thicker. These are the conditions which we 
should expect in an epithelium subjected to pressure by the intrusion 
of a mass of cells at its base, for in volume the crowded cells compare 
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fairly with their neighbors, whereas, if they had by division given rise 
to nerve cells^they should all be smaller, (c.) In Figure 67, which is a 
section immediately in front of the advancing tip of the nerve, the po- 
sition corresponding to that opposite the nerve in the preceding sections 
is indicated by an asterisk (*). The nuclei are here crowded together, 
indicating pressure. Fourthly, there is a considerable diiference in size 
between the nuclei of the cells of the layer i, of the lophophore and the 
nerve cells. This is not what one would expect upon the assumption of 
the formation of the nerve directly from the overlying cells. Fifthly, a 
longitudinal section through the young- lophophoric nerve (Plate YII. 
Fig. 71) shows a more active cell division in it than in the walls of the 
arm (compare Fig. 64, n. loph.), and a crowding together of nuclei of 
the outer layer of the arm, i, at its distal end, rather than a passage of 
nuclei into the nerve* 

The conclusion to which I have arrived from considering these facts 
is that the peripheral nervous ayttem in Fhylactolamata arises from the 
brain as an outgrowth of its walls. 

5. Development of the Epittome. — The epistome was regarded by 
Lankester at on^ time ('74, p. 80) as homologous with the foot of 
Mollusca, and on another occasion ('85, p. 434) as representing the 
preoral lobe of Annelids, — a view for which Caldwell ("83) first pro- 
duced evidence from comparative embryology. In view of such diver- 
gent opinions, and of the occurrence of an organ which is possibly its 
homologue, in quite aberrant genera, such as Phoronis, Rhabdopleura, 
etc., a careful consideration of its origin and development is desirable. 

After the ganglion is fully formed, its oral face remains in contact 
in front with the posterior wall of the oesophagus (Plate V. Fig. 52, 
Plate IX. Fig. 77), and on each side with the outer wall of the lopho- 
phoric pockets by means of the lophophoric nerves (Plate VII. Fig. 63, 
n. loph.). The outer layer of the bud penetrates between the gan- 
glion and rectum, but not between the ganglion and the oesophagus 
(Fig. 51,*). This layer also comes to lie between the floor of the 
atrium above, the ganglion below, and the lophophoric nerves on either 
side, having made its way in from behind as a double cell-layer enclosing 
a flat cavity (Plate V. Fig. 52, Plate VI. Fig. 66, Plate VIIL Fig. 74, 
can, e stm.). My description of the process by which the inner layer 
comes to envelop the ganglion above and behind differs considerably 
from Nitsche's, already quoted (page 114). As the ganglion l)ecomes 
farther removed from the floor of the atrium, the cavity above it (can, e 
stm.) enlarges, and the two lateral walls of this canal, each composed of 
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two layers of cells, both belonging to the outer layer of the bud, form the 
'' Yerbindungsstrang des Ganglions mit dem Lophoderm" of Kraepe- 
lin ('87, p. 63, Taf. II. Fig. 59, vs.). (See Plate V. Fig. 61, Plate VI. 
Fig. 56, and Plate IX. Fig. 80,*.) This canal is the only one by which 
communication between the body cavity and the cavity of the epistome 
can occur. It may be called the fpistomie caiud (Plate Y. Fig. 52, 
Plate YIII. Fig. 72, can. e Urn.), 

The epistome proper arises at the point where the epistomic canal 
ends blindly, above and in front of the brain (Plate YIIL Fig. 73, Plate 
IX. Fig. 77, e gtm.) ; it is a pocket, the outer wall of which is contin- 
uous on its under sur&ce with the cesophageal epithelium, and on its 
upper surface with the floor of the atrium. The growth of this organ 
is disproportionately great after the first evagination of the polypide. 
That part of its wall which is turned towards the alimentary tract is 
then much thicker than the remaining part ; it forms the posterior wall 
of the pharynx (Plate YIII. Fig. 72, e stm. ; compare Plate IX. Fig. 81). 
Is the epistome innervated by fibres from the brain, as maintained by 
Hyatt (*68, pp. 41-43)1 I have not succeeded in finding such fibres, 
and the conditions of the formation of the epistome, cut off as it is from 
the brain at every point, make such a connection improbable. 

AUman ('56, Fig. 8, Plate XI.) and Korotneff (75, p. 371) have 
shown for Paludicella, and Nitsche ('71, p. 44) has shown for Flustra, 
that an epistome-like fold occurs at an early stage of development, but 
is absent in the adult. Such an organ has been -described by AUman 
('56, p. 56) and other observers in Pedicellina, and it is still more 
prominent in Lozosoma, in which the relation of the epistome to the 
body cavity is similar to that in the Phylactolsematti. 

The constant occurrence of this organ in the development of Bryozoa, 
and its presence in so many aberrant genera which seem to be some- 
what allied to this group, can only be interpreted, it seems to me, as 
signifying that it is an ancient and morphologically important organ. 
The manner of its development in Cristatella seems to throw very 
little light, however, upon its significance; it arises rather late, and 
does not become of any considerable size until the atrial opening is 
made. 

6. Development of the Alimentary Tract, — The later development and 
histological differentiation of the alimentary tract have not been hereto- 
fore carefully studied. 

At the stage at which we lefl the alimentary tract (Plate III. Fig. 19) 
only two parts wei*e clearly differentiated, the odsophagus and the intes- 
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tine. In the next stage shown (Plate VIII. Fig. 73), further changes are 
seen to have taken place. The most prominent is the down- folding of 
the lower wall of the intestine at its middle region to form the ccecum. 
Even at this early stage histological differentiation of the cells of this 
region has occurred to such an extent that the lumen of the coecum is 
nearly obliterated by the great elongation of some of the cells lining it 
This condition of affairs will be understood by studying the cross sec- 
tion of the coBcum at a later stage, as shown in Figure 94, Plate X. 
The cavity of the rectum has also enlarged, and its cells have taken 
on the regular columnar appearance which exists in the adult. 

At a still later stage (Plate IX. Fig. 77), the position of the cardiac 
and pyloric valves, separating respectively the oesophagus (ce.) from the 
stomach (ga.), and the coecum (cce.) from the rectum (r^), is clearly in- 
dicated. The blind sac is still further elongated and well differentiated 
from both stomach and rectum. In order to attain the adult condition 
(Plate VIII. Fig. 72), the oral portion of the alimentary tract has merely 
to become divided, by a difference in the character of its cells, into 
pharynx (p/ix.) and oesophagus (ce.), the stomach (ga.) to increase in 
diameter, and the blind sac (cce.) to elongate. The anus (an.) finally 
comes to lie at the apex of a small cone, or sphincter valve. 

The histological changes which the cells of the different parts of the 
alimentary tract undergo are considerable, and wiU be treated of in 
order, beginning with the 

CEsophagtut. — At a stage a little later than Figure 77, the oesophagus, 
as is shown in Figure 84, Plate X., has a small diameter relative to that 
of the rest of the alimentary tract (cf. Plate VIII. Fig. 72, a?.), and its 
inner lining is composed of high columnar epithelium, like that of the 
oral groove. The shape of the cells is not greatly different in the adult ; 
but they become vacuolated, and since these vacuoles lie near the base 
of the cells, and either nearer to or farther from the lumen than the 
nuclei, the latter acquire that irregular arrangement referred to by 
Verworn C87, pp. Ill and 112). 

Stomach, — Figure 93 (Plate X.) represents a section across the stomach 
immediately below the cardiac valve, from the same individual as that 
from which Figure 84 was taken. The proximal ends of all cells stain 
more deeply than the distal ends, but the cells are all alike as far as re- 
gards receptivity to stains. Already, in certain regions, the cells are 
higher or lower than the average, and have even begun to group them- 
selves as typical ridge- and furrow-cells. Figure 82 is a section through 
the same region as Figure 93, but from an adult individual. The ridge- 
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cells are distinguishable from those of the furrows by their greater 
height, their weaker attraction for dyes, and their vacuolated and gran- 
ular appearance. Moreover, the cell boundaries of this epithelium are 
gradually lost. Kraepelin ('87, p. 51) has argued that the elongated 
cells are the true digestive cells, and that the deeply dyed cells of the 
furrows are, functionally, liver cells. 

Caecum. — Figure 94 is from a cross section of the ooecum at the 
stage of Figures 84 and 93. The cells are more differentiated here than 
at any other part of the alimentary tract. They stain uniformly, however, 
except for a narrow light zone next to the lumen, and all reach to the 
muscularis. The digestive cells are swollen at their free ^nds ; the liver 
cells, on the contrary, are thickest at the base. Figure 83 is from a sec- 
tion of the proximal part of the caecum of an adult The changes which 
the cells have undergone are of a similar character to those experienced 
by the gastric epithelium, only there has been an exaggeration in this 
region of the features shown by the stomach. Figure 85 represents a sec- 
tion near the blind end of the coecum of an adult. The diameter of the 
tube is smaller here than in the section last described, but the inner 
epithelium is thrown into still higher ridges and more profound furrows. 
Nearly all of the cells, however, seem to extend to the muscularis. The 
" liver " cells do not extend so far towards the blind end of the coecum as 
this region. The cytoplasm is not at all stained. Evidently, here the 
process of digestion reaches a maximum. The circular muscles of the 
muscularis are striped, and are developed here to an extraordinary de- 
gree, and the ooelomic epithelium is greatly thickened, another evidence, 
it seems to me, of the intimate relation of this layer to the muscularis. 
The number of ridges is not constant in different parts of the alimentary 
tract of the same individual, and varies somewhat for the same region 
in different individuals. In sections corresponding in position to Figure 
83, I have, however, usually found six ridges. 

7. Development of the FunicvZus and Mxisdes. — It has already (page 
117) been pointed out that the fixed ends of both the funiculus and 
muscles originate at a great distance from their position in the adult. 
Thus the funiculus originates upon the oral face of a young bud. As 
this bud grows older, the fixed end of its funiculus becomes gradually 
farther and farther removed from its neck towards the margin, until 
finally the funiculus is inserted upon the colony- wall at the margin, or 
even upon the sole. So the retractor and rotator muscles arise together 
on each side of the polypide and in the angle formed by the colony- wall 
and the radial partitions. Later (Plate V. Figs. 44, 45, mu, ret, + rot.) 
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tbey are found on the partitions immediately below the colony-wall. 
Still later (Plate VI. Fig. 59, mu, rot,, mu, ret.) we see them on the lower 
portion of the partition, and finally (Fig. 56, mu. rot., mu. ret.) they are 
found attached to the soley at some distance, it may be, from the 
radial partition. 

The question arises at once, How do these changes of position take 
place 1 Examination shows that the union between the ooelomio epi- 
thelium and the cells of that portion of the funiculus which is attached 
to the roof is very slight after the funiculus has passed to some distance 
from the mother polypide. Although occasionally I have seen the cells 
of the fixed e^d closely applied to the coelomtc epithelium, the only 
connection between the two is usually effected by means of amoeboid 
cells (Plate V. Figs. 46-48, cl. mi,). On cross sections of the fixed end 
of the funiculus these cells (Fig. 49, cl. mi.) are seen to surround it as 
a loose layer, and in longitudinal sections some of the amoBboid cells 
are seen to be connected with the coslomic epithelium. It is difficult to 
determine the origin of these cells, but they have the position and 
character of the cells of which the funiculus was exclusively coniposed 
before the entrance into it of the ectodermal plug described by Braem. 
The only explanation of the migration of the funiculus which occurs to 
me has been suggested by the facts given above; namely, that the 
^' migratory cells," by which the funiculus is attached to the coelomic 
epithelium, change their position, carrying with them the funiculus. 
Remembering that the coenocoel is filled with a fluid in which the 
funiculus floats, and that by the growth of the funiculus it is elongated 
in propoilion as the distance from its origin to the ccecum increases, this 
hypothesis does not seem improbable, although its truth can hardly be 
tested by the study of preserved material. When the funiculus has 
reached its permanent position its attachment to the coelomic epithe- 
lium is more intimate. Meanwhile the end attached to the polypide 
has become more and more attenuated (Plate IX. Fig. 77, /««.), until, 
in the adult, I have usually been unable to discover any attachment. 
In any case, it must certainly be broken when the polypide begins 
to degenerate. 

The migration downward of the ends of the muscles which are 
attached to the partition is even more difficult of explanation. During 
this migration their point of origin seems to be in the mnscularis of the 
partition itself. The fixed point of the muscle in the adult is probably 
in the muscularis of the sole, since I have traced muscle fibres through 
the coolomio epithelium, and to the muscularis (Plate VI. Fig. 58, mv. 
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ret.). The insertion is in the musoularis of the poljpide (Fig. 56), but 
I have not been able to deteimine the precise relation between the 
muscle fibres of the great coelomic muscles and those of the musou- 
laris. A comparison of Figures 44, 59, and 56 shows quite plainly that 
both the retractor and the rotator muscles originate ^m a common 
mass of muscle cells, and beoome distinct from one another bj a 
separation of their points of attachment to the polypide. The re- 
tractor muscles (mn, ret) are attached to the oesophagus immediately 
below the ganglion (Plate IX. Fig. 78) ; the rotator muscles (mu, rot.)^ 
on the contrary, to the lateral walls of the opening leading from the 
coenocoel (cam.) to the cavity of the lophophore arms. These two re- 
gions are near to each other in the young polypide, but become con- - 
stantly more widely separated with the growth of the lophophore. 
Compare Figure 78 with Figures 74 (Plate Vlll.) and 51 (Plate V.), 
which are younger stages, cut somewhat above the level of Figure 78, 
and more than twice as highly magnified. 

I have been able to obtain in thick sections various stages in the 
development of the muscle fibres, some of which are shown in Figures 89 
to 92 (Plate X.). In the earlier stages, all parts of the muscle cell stain 
uniformly in cochiueal. Later, the cell body becomes differentiated into 
two portions, easily distinguishable by their different receptivity to the 
dye. The more retractile portion becomes greatly elongated, highly 
refractive, and incapable of being staiued. A mass of indifferent pro- 
toplasm, including the nucleus, still remains stainable (Fig. 90). The 
undifferentiated portion continues to diminish relatively to the whole 
mass of the cell, which has greatly increased in size, until little remains 
but the nucleus, placed on one side of the muscle fibre (Figs. 91, 92). 
Figure 92 is one of the retractor muscle fibres, in a partly contracted 
state. The end placed uppermost in the figure was that which abutted 
upon the muscularis of the OBsophagus. Its more intimate relation to 
the musoularis could not be traced. 

8. Origin and DevehpmeiU of the Parieto-vaginal Muscles. — These 
consist of two sets, the lower, or posterior, and the upper, or ariterior. 
The posterior arise earlier. At about the time when the neck of the 
polypide begins to disintegrate in order that the polypide may become 
extrusible, a disturbance is seen in the cells of the outer layer of the 
kamptoderm immediately below the neck of the polypide, and in the 
coelomic epithelium opposite to them (Plate XI. Fig. 97, mu. inf.). As 
a result, several cells of each layer become organically connected with 
those of the opposite layer, and give rise to muscle cells. A later stage of 
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such a process is seen at Figure 98. By the time the atrial opening is 
established these cells have become plainly muscular ( Plate IX. Fig. 79). 
Farther up iu the angle of attachment of the kamptoderm to the roof 
of the colony, the ccelomic epithelium aud the outer layer of the bud are 
both seen to be somewhat disturbed (Fig. 97, mu, «■«.). At different 
points, a single one of these cells reaches across, aud later becomes 
differentiated into a genuine muscle cell (Fig. 99, mu. au.). Of these 
there may be three rows. 

9. DuvUegration of t/ie Neck of the Foli/pide. — The neck of the polyp- 
ide, having fulfilled its function as the most important part of the stolon, 
must now give way to allow of the extrusion of the nearly developed pol- 
ypide. The first indication of this process is the formation within the 
cells of the neck of a secreted substance (cp. sec/), apparently like the se- 
creted bodies of the ectoderm. This metamorphosis first involves the outer 
and middle cells of the neck only (Plate XI. Fig. 97, cev, pyd,). Later 
(Plate IX. Fig. 77, of, atr.) a depression occurs in the ectoderm. This is 
due, I believe, to a cessation of cell proliferation at the centre, although 
it remains active at the edges of the neck. The depression gradually 
deepens until the atrium is closed by a thin Jnyer of cells only (Fig. 98). 
The cells of the side 'of the neck do not disintegrate, but go to form the 
" Randwulst " of Kraepelin (*87, p. 40). The cells of this region remain 
unmetamorphosed. Only a thin layer of cells now stands between the 
polypide aud the outside world. This ruptures, as is shown in Figure 
99, and by the relaxation of the muscularis, which is thickened about 
the atrial opening into a sphincter (Fig. 98, spht.), the polypide is ready 
to expand itself. 

10. Developmefit of the Body-walL — As already stated (page 117), 
Braem believes that the whole body-wall in Alcyonella is derived from 
the neck of the young polypfde, after it has begun to give rise to 
daughter polypides ; and I have given my reasons for believing that in 
Gristatella a portion of it at least is derived from the margin. 

In addition to this, cells are undoubtedly added to the body-wall, as 
Braem states, after the time of origin of the buds. Particularly after the 
formation of the median bud, the neck appears to continue to furnish cells 
to the ectoderm. Figure 73,* Plate VIII., shows such a mass of cells. 
Later stages show that these cells secrete a gelatinous substance within 
their protoplasm {cp. secJ^ Plate XL Figs. 97, 98) ; they gradually in- 
crease in width and height from the neck outward (Figs. 97-99), and at 
the same time become more and more completely metamorphosed. The 
result of the addition of these cells from the neck of the polypide is to 
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cany the body-wall at the region of the atrial opening to a considerable 
height above the level of that portion of the roof lying between polyp- 
ides. (Compare Fig. 73, Plate VIII. ; Figs. 98 and 99, Plate XL) This 
method of origin of the body-wall is of much less importance in Crista- 
tella than in Alcyonella, since the extent of the proper body-wall about 
the atrial opening is much less in the former than in the latter cose. 

The development of the gelatinous bodies deserves further attention. 
Kraepelin (*87, p. 24) concluded, from a study of the condition in a 
statoblast embryo, that they are formed by a metamorphosis of the cell 
protoplasm, beginning at the outer end of the cylindrical cell, and 
finally involving, in some cases, the entire cell, together with its nucleus. 
Some appearances which I have noticed in the ectoderm of Cristatella 
lead me to conclude that the origin is not always so simple as Kraepelin 
describes. Figure 79, Plate IX., shows at cp, sec, a number of small gelati- 
nous masses occurring at various regions in the protoplasm. Such an 
appearance is quite common, and must be interpreted, it seems to me, 
as the formation of the gelatinous balls by an intra-cellular metamor- 
phosis of the cytoplasm. The balls, flowing together, produce the larger 
masses. The metamorphosed matter from several cells may also fuse 
into one mass (Plate VI. Fig. 55, cp, sec). The fin^l result of this pro- 
cess of cell metamorphosis in the ectoderm is a frame-work of old cell 
walls, having a thin layer of protoplasm and nuclei at its base, and in- 
closing the great gelatinous balls. Such a condition exists near the 
centre of the colony between adult polypides, and is shown in Figure 100, 
Plate XI. 

Summary. 

1. Most individuals give rise to two buds, of which one forms a new 
branch, the other continues the ancestral branch. 

2. The median buds migrate away from the parent polypide to a con- 
siderable distance before giving rise to new buds. 

3. The descendants of equal age from common ancestors are arranged 
similarly in the same region of the colony. 

4. New branches are formed upon either side of ancestral branches. 



5. The greater the difference in age between the youngest and the 
next older bud, the greater the distance between the points at which 
they begin to develop. 

6. In typical 'double buds," both polypides arise from a common 
mass of cells at the same time. From the neok of old polypides a stolon- 

Toi* XX. — iro. 4. 10 
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like process of oells is given off to form median buds. Between these 
two extreme types, intermediate conditions occur. 



7. The alimentary tract is formed by two out-pocketings of the lumen 
of the bud in the median plane, one forming the oesophagus, the other 
the rectum and stomach. The blind ends of these two pockets fuse, and 
thus form a continuous lumen. 

8. The central nervous system arises as a shallow pit in the floor of 
the atrium ; the pit becomes closed over by a fold of the inner layer 
only of the polypide, which thus forms a sac, the walls of which become 
the ganglion. 

9. The kamptoderm arises by the transformation of the columnar 
epithelium of the two layers of the wall of the atrium into pavement 
epithelium. 

10. The funiculus arises from amoeboid cells derived from the coelomic 
epithelium. 

11. The retractor and rotator muscles arise together from the coelomic 
epithelium of both body-wall and bud, and in the angles formed by the 
radial partitions and the body-wall. 

12. The wall of the colony grows by cell proliferation at its margin. 

13. The radial partitions arise as follows : certain muscles of the 
muscularis at the mai^in of the colony leave the latter, and are carried 
into the coenocoel, taking with them a covering of coelomic epithelium. 



14. Budding in Cristatella presents conditions transitional between 
direct and stoloniferous budding. 

15. Tliroughout the group of Bryozoa, the youngest and next older 
buds are intimately related, and the place of the origin of the younger 
buds relatively to the older is determined by a definite law. 

16. Cristatella differs from Alcyonella in possessing a region of the 
colony-wall, — the tip of the branch, — which grows independently of 
the polypides. 

1 7. Each of the layers of the younger bud arises from a part of the same 
cell mass as that which gave rise to the corresponding layer of the next 
older bud. 

18. The digestive epithelium and the nervous tissue are both derived 
from one and the same layer of cells, the inner layer of the bud. 

19. The alimentary tract of Cristatella at an early stage is similar to 
that of a young £ndoproct. 
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20. Harmer's conclusion, that the ganglion of Phylaciolaemata arises 
exactly as in Endoprocta, is not confirmed. 



21. The ''ring canal" lies at the base of all tentacles. 

22. The circiimoral region of the ring canal in Cristatella is in free 
communication with the coenocoel in all stages of development ; and not 
closed, as maintained by Kraepelin. 

23. The two arms of the lophophore arise independently of each 
other. Their adjacent surfaces undergo a secondary fusion, which per- 
sists until the inner row of tentacles is about to be formed on the lopho- 
phore. The two arms then become entirely separate. 

24. The ancestor of Bryozoa probably possessed a U-shaped row of 
tentacles, encircling the mouth in front, and ending freely behind near 
the anus. 

25. The tentacles near the mouth are phylogenetically the oldest. 

26. Both layers of the bud are involved in the formation of the 
tentacles. 

27. The lophophoric nerves arise as outgrowths of the central ganglion, 
which make their way into the lophophore arms. 

28. The epistome arises as a fold continuous with the wall of the 
oesophagus below and the floor of the atrium above, and it communicates 
with the ccenocoBl by means of the epistomic canal. 

29. The coecum of the alimentary tract, which occurs only in Ecto- 
procta, is produced relatively late in the ontogeny by an ont-pocketing 
of the lower wall of the alimentary tract at the free end of the polypide. 

30. The funiculus migrates (probably with the aid of amoeboid cells) 
from the roof of the colony to the mai^in, or even to the sole. 

31. The " origins" of the retractor and rotator muscles migrate along 
the radial partitions from roof to sole. The separation of the two mus- 
cles takes place secondarily as their points of insertion separate. 

32. The parieto- vaginal muscles arise from the coelomic epithelium of 
the body-wall and polypide. 

33. The disintegration of the neck of the polypide is begun by a metn- 
moi*phosis of the protoplasm of its cells. The metamorphosed cells 
break awaj-, leaving the atrial opening. 

34. The part of the body-wall lying around the atrial opening arises 
by proliferation of cells derived from the neck of the polypide. 

35. The ectodermal cells become metamorphosed by an intercellular 
secretion of small " Gallertballen," which fuse to form the larger ones. 
Often the contents of more than one cell fuse into a single large mass. 

Cambrtpoe, June, 1890. 
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PLATE I. 

Fig. 1. A portion of the lateral rim of a colony. An optical aection taken jost 
below the roof of the colony, showing the arrangement of polypides. 
X 72. 

" 2. Origin of the stolon (I.) from the neck of a mother polypide of about 
Stage XII. (Fig. 18). Sagittal section of mother polypide. The 
margin of the colony is to the left X 890. 

" 8. Earliest stage in the origin of a bud from a young mother polypide. 
Sagittal section. Margin to left x 890. 

" 4. Origin of a bud from a mother polypide of about the age of that of Fig. 3. 
Sagittal section. The margin of the colony is to the right of figure. 
x890. 

" 5. Sagittal section of a double bud. Margin of colony to the left x 890. 

" 6. Later stage in bud formation of same type as Fig. 4. Sagittal section. 
xd90. 

" 7. A part of the right side of a polypide of a stage of development interme- 
diate between those of Figs. 19 and 78. Seen from the sagittal plane. 
The cut surface lies to the right of the sagittal plane, and passes 
through the orifice of the right lophophore arm. The alimentary tract 
thus lies immediately above the plane of the paper, x 150. 
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PLATE II. 

All ilgares are magnified 890 diametera, and are from sagittal sections. 

Fig. 8. Stage II. in the same series as Fig. 2. The iimiculus, fun., has moved 
farther from the mother poiypide. Margin to left. 

*' 9. Stage IV. The inner layer, t., of tlie bud is definitely formed, and the 
external layer is greatly thickened. Margin to left of figure. 

" 10. Stage V. The cells, t., have arranged themselves in a layer, and begin 
to form an invagination. Margin to right. 

** 11. Stage VIII. The first indications of the alimentary tract appear as a 
depression in the inner layer, rt. The funiculus, ci.Jun., has begun 
to form, as is indicated by a disturbance of the coelomic epithelium. 
Daughter bud forms Stage VI. in a series beginning with I., Fig. 3. 
Margin to left 

" 12, 18. Successive stages in the formation of the alimentary tract 

" 14. Stage VI. The two cell-layers are now definitely formed, and a lumen 
has begun to appear in the inner. Margin to right 

" 16. Stage III. in the stoloniferous type of budding. Stolon has elongated 
greatly, and active cell division is taking place at its distal (i. e. mar- 
ginal) end. 
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PLATE IIL 
All figares are magnified 890 diameters. 

Fig. 16. A later stage (VI.) in the dirtct tj-pe of bud formation. The mother polyp- 
ide is cut to one side of its sagittal plane, and shows the invagination 
of the lophophore arm (6r. loph.). The funiculus appears as scattered 
cells about both buds. 

" 17. A still later stage in the same series as Fig 10. The daughter bud (VII.) 
has a lumen. In the mother polypide (XI.) the atrium has eulargt'd 
by the inshoving of the lophophore arms. The (esophageal and rectal 
invaginations are not yet continuous, and the ring canal {van. crc.) has 
begun to appear oralward in the sagittal plane. Sagittal section. 

" 18. Stage XII. Alimentary tract nearly complete. Beginning of the forma- 
tion of the ganglion. One of the lophophore arms is cut tangentially. 
Sagittal section. 

" 19. Stage XIII. Ganglion closing. The lophophore arm cut tangentially. 
Sagittal section. 

" 20 and 21. The positions and directions of the planes of these sections are 
shown by their projections on a sagittal section (Fig. 11, lines 20, 21) 
of an individual of the same age. To show non-participation of the 
outer layer in the first stage in formation of the alimentary tract 

** 22. Early stage in direct bud-formation. Origin of funiculus, d.fun. Sagit- 
tal. Margin to right 

" 23. The position and direction of the plane of this section are shown by its 
projection on a sagittal section (Fig. 19, line 23) of an individual of 
the same age. This figure shows the folds of the inner layer at the 
mouth of the ganglionic sac. 
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PLATE IV. 

All figures, except Fig. 30, are yertical right-and-left sections, and all are magnified 

300 diameters. 
Figs. 24-26. Three sections from a series passing from the oral to the aboral face 
of a polypide of about Stage X., and cutting it in the planes indi- 
cated by the lines 24>26, Fig. 13. 
" 27-29. Three sections of a series cut from a polypide of Stage XI. The 

planes of section are indicated in the lines 27-20, Fig. 17. 
" 30-32. Three sections, whose positions are indicated by the lines 30-82, Fig. 
18, cut from a polypide of Stage XII. 
Six sections cut from a pclypide of Stage XIII. in the directions indi- 
cated in Fig. 10 by the lines 33-38. 
A horizontal section of a polypide somewhat older than that repre- 
sented in Fig. 18, and passing nearly in the direction of the line 48. 
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PLATE V. 

Figs. 40-43 are four horizontal sections of a polypide of Stage XII. passing in the 
direction indicated by the lines 40-43, Fig. 18. X 390. 

" 44, 45 are horizontal sections of a polypide of Stage XIII. The direction of 
the cutting planes is indicated by the lines 44» 45, Fig. 19. X 390. 

'- 46-48. Sections through the migrating end of tiie funiculus, showing its rela- 
tion to the coelomic epithelium of tlie roof. The ectoderm is not 
shown. The arrow indicates direction of motion. X 390. 

" 49. Transverse section through the funiculus, showing the loose migratory 
cells. X 390. 

" 60, 61. Horizontal sections of a polypide slightly younger than Stage XIV., 
Fig 73. Of these two sections, Fig. 60 is nearer the roof of the colony, 
and immediately above the ganglion. Fig. 61 is the second section 
below, and passes through the middle of the ganglion. X 890. 

** 62. Sagittal section of the region about the brain of a polypide somewhat 
older than that shown in Fig. 77. This figure is reversed relatively 
to Fig. 77. X 600. 
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PLATE VI. 

Young funiculus, showing its connection with polypide. x 390. 

Origin of muscles. The section passes diagonally across a partition at 

the left, di sep. r., and cuts the polypide tangentially at the right. 

X 890. 
Section including a radial portion, showing the position of the muscles in 

the partition near the margin of the colony, x 890. 
Section through the retractor and rotator muscles of a polypide of about 

the age of that shown in Fig. 77. X 890. 
Young funiculus, whose upper end is free from the coclomic epithelium of 

the roof of the colony, x 390. 
Section through the sole, showing the relation between the muscle cells 

and the muscularis of the sole. X 600. 
Section across a radial partition, and both rotator and retractor muscles 

which are migrating from the roof to the sole. X 390. 
Section at right angles to the wall of the colony, showing the elongated 

and un metamorphosed cells of the margin, x 890. 
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PLATE VIL 

Figs. 61-C3. Three vertical right^md-lef t sectioiu of same poljpide paasuig from 
posterior end anteriorly. About Stage XIV. (Fig. 78, Plate VIII.) 
Xd90. 

" 61. Section through lophopliore arms, showing their fusion, hph/, and the 
position of the ring canal, can. crc,\ can. crc." 

*' 62. Section just posterior to anal opening, showing openmgs of lophophoric 
pockets. 

" 03. Section through ganglion, showing early stage in formation of lopho- 
phoric nerve, parts of the ring canal, and young tentacles. 

" 64. Cross section of lophophore arm, near termination of young nerve, at 
place marked 64, Fig. 71. x 1000. 

" 66-67. Three successive sections through end of lophophore nerve in re- 
gions marked 65, 66, and 67, Fig. 71. These figures are from the 
same individual as Fig. 64, but from the opposite lophophore arm. 
X 1000. 

" 68. Vertical right-and-left section through ganglion of an individual slightly 
younger than Fig. 63, showing origin of cornua by outgrowth of the 
walls of the ganglion, with an extension of the lumen of the latter. 
X600. 

" 60, 70. Longitudinal sections of two stages in the development of a tentacle, 
Fig. 70 being the younger, x 300. 

" 71. Section through ganglion and growing lophophore nerve. -Stage XIV. 
X400. 
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PLATE VIIL 

Fig. 72. Sagittal lection of an adult polypide. The lophophore has been omitted. 

Outlines with camera lucida. Nuclei put in free hand, x 175. 
" 73. Sagittal section of bud. Stage XIV. The margin of colony to left. 

* Ectodermal cells derived from neck of polypide. x 390. 
" 74. Nearly horizontal section of a bud a litUe older than that shown in Fig. 

78. The plane of section passes obliquely upward and forward. The 

tentacles are cut at different heights. X 390. 
" 76. Transverse section of lophophore arms before separation. The connecting 

band» lofA/f is reduced to threads. The polypide has alreadj- evagi- 

nated. * The section figured is the seventh from the distal end of the 

arms, — about 40 /i distant, x 390. 
" 76. Transverse section of lophophore arms immediately after separation. The 

tentacles arising from can. crc/' were previously fused, x 890. 
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PLATE IX. 

Fig. 77. Sagittal section throngh a polypide, of which the atrial opening (of. car.) 
has already began to form, x 890. 

" 78. Horizontal section through the circnmoral part of the ring canal, com. crc^ 
showing its free oommnnication with the coenocoel (even.). Adult. 
X176. 

" 79. Vertical section through the roof of the colonj (to the left) and the 
kamptoderm (to the right), showing their connection bj the inferior 
parieto-Taginal muscles (mu. inf.) at an early stage of their develop- 
ment. X 600. 

" 80. Horizontal section in position marked 80, Fig. 72, Plate VIIL, showing 
epistomic canal, can. e stm., and supra-ganglionic part of ring canal, 
can. cre.'^' X 390. 

" 81. Section cutting lophophore at base of tentacles. The arm of the right 
side only is shown entire. Stage of Fig. 77. x 176. 
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PLATE X. 

Fig. 82. TransTcrae section of stomach of adult polypide. x 390. Compare with 

Fig. 9a 
" 83. Transverse section of proximal part of coscum of same individual as that 

of Fig. 82. X 390. Cf . Fig. 94. 
** 84. Transverse section of oesophagus of a poljpide whose atrial opening is 

just formed, x 890. 
" 85. Transverse section of the coecum of an adult polypide near its distal 

extremity. X 390. 
" 86. Vertical section across a radial partition at its junction with colonj-waU. 

X600. 
" 87. Horizontal section of radial partition at its junction with colonj-wall. 

X600. 
" 88. Small colony of Cristatella, drawn from transparent object, showing pol- 

ypides in optical section at different focal planes, x circa 40. 
" 89-92. Muscle fibres in successive stages of development From thick sec- 
tions. X 390. 
" 93. Transverse section of stomach of the same polypide «s that from which 

Fig. 84 was taken; representing, therefore, a considerably younger 

stage than Fig. 82. x 390. 
" 94. Transverse section of coccum of the same polypide as that from which 

Figs. 84 and 93 were taken, cut in a region nearly corresponding to 

the position of that shown in Fig. 83. X 390. 
** 95, 90. Two horizontal sections of a part of the margin of a small colony 

in which radial partitions are being rapidly formed in correspondence 

with rapid budding. Fig. 95 lies near the sole; Fig. 96, near the roof. 

The same figures refer to the same partition, x 800. 
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PLATE XI. 

Figs. 97-09. Vertical sections, showing three successive stages in the degeneration 
of the roof to form the atrial opening, of, atr., and development of the 
parieto-vaginal muscles, x 890. 
" 100. Late stage in the development of the ectoderm, showing its extreme 
modification between adult polypides. x 390. 
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PUBLICATIONS 

OF THB 

MUSEUM OF COMPARATIVE ZOOLOGY 

AT HARVAHD COLLEGE. 



There have been published of the Bullktins Vols. I. to XIX. ; 
of the Memoirs, Vols. L to XVL 

Vols. XVL and XX. of the Bulletin" and Vols. XL, XIV., 
and XVIL of the Memoirs are now in course of publication. 

A price lutt of the publications of the Museum mil be sent on 
application to the Secretary of the Museum of Comparative ZoiUogy, 
Camhridge, Mass 

ALEXANDER AGASSIZ, Direclor. 
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XXL 

CONTRIBUTIONS FROM THE ZOOLOGICAL LABORATORY OF 

THE MUSEUM OF COMPARATIVE ZOOLOGY AT 

HARVARD COLLEGE. 

XXin. — PRELIMINARY NOTICE ON BUDDING IN 
BRYOZOA. 

By C. B. Davenport. 

Pzwented FebroMry U, 1891, by B. L. Mark. 

Since several mooths must elapse before the publication of my studies 
on Budding in Bryozoa^ it has been thought best to present, in a pre- 
liminary communication, some of the more important facts gained. 

In my paper on GriHcUellaj* I described for that genus a mass of 
ceils lying between the ectoderm and muscularis which gave rise, by 
active cell proliferation at certain regions, to the inner layer of the 
polypide, — the layer from which the inner lining of the kamptoderm, 
the outer layer of the teptacles, the nervous system, and the digestive 
epithelium arise. This inner layer has been brought into prominence 
by the conceptions of Hatschek concerning its significance, — concep- 
tions which appear to have influenced some of his followers in their 
study of marine Bryozoa. According to Hatschek, this inner layer is 
to be regarded as entodermic in origin, and to give rise to the digestive 
epithelium only. The latter part of this view is certainly incorrect, 
as shown by the concurrent testimony of Braem and mypelf. It re- 
Ibained, however, to determine the origin of the layer, or rather of the 
stolonic mass from which it arises. The *' stolonic mass " arises in the 
embryo, soon after the completion of the two-layered condition, from 
the ectodei-m, at the same pole as that at which the sq-callei gastrula- 
tion takes place. A disk of cells sinks below the general level of the 
ectoderm and becomes overgrown by that layer. This disk expands 
rapidly at the base of the ectoderm, and io all directions of the plane, by 
cell proliferation, and gives rise to the first polypides. The first two 

* Cristatella : the Origin and Development of the Individual in the Colony. 
Bull of the Museum of Comp. Zool. at Harvard College, Vol. XX. No. 4^ 
November, 1890. 
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poljpides, one of which is slightly older than the other, arise so that 
their anal surfaces are tamed towards each other. 

The ooBlomic epithelium arises by a sort of ingression, as observed 
by Korotueff, and is to be regarded, probably, as mesoderm plus ento- 
derm, the entoderm being reduced to a still more rudimentary condition 
than in Gymnolaemata. 

In Plumatella, the mner layer of the primary polypide arises near 
the pole of ingression directly from the outer layer of the two-layered 
sac, and not from a mass which has already lost its connection with 
the outer layer, as in Cristatella. The seoond polypide arises at some 
distance from and wholly independently of the first, and, like it, by an 
inyagiuation of the body-wall near the pole of ingression. The re- 
mainder of the polypides are derived from the indifferent cells about 
and in the neck of these two primary ones. 

The method of origin of the primary polypides is fundamentally the 
same in both genera, but the conditions in Plumatella are to be re- 
garded as the more primitive. Id both, the inner layer of the poly« 
pide is derived from the neutral region of the outer larval layer 
whence the inner larval layer has arisen. Possibly this region should 
be regarded as neither ectoderm nor entoderm, but as still indifferent, 
and capable of giving rise to either. 

The origin of the primary bud in Gymnolaemata also is probably 
to bo referred to the pole of ingression or invagination, but owing to 
greater difficulties of orientation this cannot be determined so easily as 
in Phylactolaemata. 

My studies on and drawings of PaludiceUa were already nearly 
completed when I first saw Braem's *' Untersuchnngen iiber die Bryo- 
zoen des sUssen Wassers," in Bibliotheca Zoologica, Heft VL, 1891. 
With great keenness, he has been able, even by' the study of the living 
animal, to correct some errors of previous authors, and he has antici- 
pated some of my observations. 

Each young polypide arises in the adult colony independently of 
any older polypide, from a mass of embryonic, rapidly dividing tissue 
at the tip of the branch, and some of this tissue is left behind as the 
tip moves forward. Typically, three masses of such tissue are left 
behind, at intervals corresponding to the joints of the branch. Of 
these three masses, one, the median, gives rise directly to the youngest 
polypide of the ancestral branch. The other two lie about 90° to the 
right and left of the median bud, and remain in a quiescent state until 
the median bud has attained a considerable size. The cells of these 
lateral masses are always distinguishable from those of the adjacent 
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body-wftU by their caboid form. They finally give rise to lateral 
branches, in which polypides are secondarily developed. 

Braem has offered the ingenious hypothesis that the tip of the branch 
is to be regarded as having been occupied, ancestrally^ by a polypide 
which has codnogenetically disappeared. Yoong polypides are on this 
assumption derived from the neck of older ones, as in Phylactolse- 
mata. This hypothesis is rendered less necessary, if one conceives 
that in the budding process the younger bud is not derived from the 
older, but that the^ are successively derived from the same mass of em* 
hryonie tistue^ — a view which I have already maintained concerning 
Phylactolaemata. The tip of the branch is, to my mind, to be regarded 
as a stolon in both the median and lateral branches. To form the 
polypide, the two layers of the embryonic mass of the wall are, in Pa- 
ludicella, invaginated into the coelom. But some of the cells remain 
in their indifferent condition as the neck of the polypide. 

As Braem saw in the living animal, and as my sections and recon- 
structions sufficiently demonstrate, the hinder part of the alimentary 
tract arises in a manner comparable with that in Phylactolsemata, and 
its formation progresses from the anal towards the oral end* The 
oesophagus arises independently, and later the two pockets fuse to 
form the completed alimentary tract The tentacles arise somewhat 
differently from those of Phylactolaemata, and in the manner recently 
described by Seeliger for Bugula, and they as well as the kampto- 
derm are here two-layered. They lie at first in two parallel rows of 
seven each. The anus is not removed outside the tentacular corona 
until the two posterior free ends of the ring canal meet and become 
confluent between mouth and anus. An odd tentacle, younger than 
the others, often arises directly oralwards of the anus. The brain 
arises as in Cristatella, and sends out two large circumoesophageal pro- 
cesses to form the commissure. The so-called epistome of Korotneff, 
Nitsche, and Seeliger, which they have believed to exist in the early 
stages of different Gymnolsemata, is merely the fold separating the 
brain cavity from the oesophagus, and has no relation to the epistome 
of Phylactolaemata or Endoprocta. I have found no trace of a true epi- 
stome at any stage. The body-wall is invaginated ^t the neck of the 
polypide, and the latter extends as a long cylinder for some distance 
below the general surface. It secretes the cbitinous rods and cuticula 
of the adult '* neck." The '^ collare setosum " appears to split off 
from the thick cuticula of the neck as a delicate chitinous cylinder, 
which has its distal end free and its proximal end embedded in the 
cells of the neck immediately around the atrial opening. From its 



Digitized by 



Googk 



OF ARTS AND 8CIENCB8. 281 

method of origin and structure, one finds it difficult to concur with the 
suggestion of Professor Ehlers, that the ooUare setoeum of Ctenosto- 
Inata is homologoiis with the cirri of Endoprocta. Muscles and fu- 
liiculi both arise from the cells of the coBlomio epithelium. The 
eommuuioation plates arise as a circular fold of the body- wall. The 
cells of the coelomic epithelium which immediately surround the cen* 
tral pole become metamorphosed at their inner ends to form the teeth 
of the oentral sieve. 

The poljpides of the fiicelhMriida^ Membraniporid€B^ and Aleyoni^ 
diida arise in a similar manner to those of Paludicella; that is, from 
a mass of indifferent cells at the margin of the colony, —* a mas9 from 
which the body-wall also is derived. The polypide arises in all cases 
by an invagination of the body-wall, which is two-layered at the mar- 
gin of the colony. In all cases studied, the whole of the polypide 
is derived from this one rudiment. The alimentary tract arises, at 
least in some cases, exactly as in Paludicella. The ganglion arises 
from the inner layer of the bud, by an evagination of the floor of the 
atrium in both Ctenostomata and Cheilostomata, and I have found no 
trace of a genuine epistome at any stage. 

Budding in marine Gymnolaemata seems to occur in accordance 
with certain laws, which may be deduced from a study of erect colo- 
nies like Bugida, In Bugiila turrita, Verrill, we have a colony with an 
erect axis and branches whose points of insertion he m a right or left 
handed spiral. The phyllotactic arrangement of the branches is not 
an invariable one, but is approximately g. Each branch is fan-shaped, 
the handle being the point of attachment, and is slightly concave to- 
ward the axis, like the thread of an Archimedean screw. The fans 
at the base of the colony are largest and oldest, at the tip youngest. 
The individuals are arranged end to end, in lines which spring from the 
single most proximal individual, and increase in number as upon this 
and the successively more distal individuals lateral as well as terminal 
buds arise. Sometimes,' however, but one new bud — a terminal one — 
arises. The branches are not wholly separate from each other, but 
cling together in pairs. 

The following laws of growth have l)een deduced: — 1. TTie indi- 
viduals '* break joints." 2. The lateral buds are formed earlier, and 
do not extend so far distally as the terminal buds. 3. When a termi- 
nal and lateral bud attached to the same proximal individual are each 
immediately followed by two buds, the two lateral buds lie adjacent, 
the two terminals outside. 4. Lateral buds tend to arise at the same 
time on two branches which spring from a common mdividual. 5 Law 
4 is modified by a superior one, according to which lateral buds arise 
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more frequently at the edges of the fans than elsewhere. 6. The mar- 
ginal branches are shortest, the middle ones longest. 7. There is one 
proximal individual to each ^fan.'' This is followed by two, and these 
by four, of which four the two inner adjacent are lateral, the two outside 
ones terminal. Then each of the two outside individuals of these four 
bears more individuals, counting all which are formed between it and the 
periphery, than does each of the inner individuals. 8. New individuals 
are constantly being formed at the periphery of the fan, and at about 
the same time, but on some branches only one new bud arises, on others 
two. The tendency to give rise to two buds decreases as the fan 
grows older ; and if a number of arcs be struck across an accurate 
drawing of an entire fan, with the proximal individual as a centre 
and with different radii, it will be found that the number of individ- 
uals cut by any linear unit of arc is the same for all radii. 

In Bugula flabellata the fans are not attached to an erect axis, 
but are each attached to the rock or woodwork by their proximal indi- 
vidual. Three or five branches are united together, instead of two, as 
in B. turrita. The above " laws ** are equally applicable to this spe- 
cies, except that No. 4 does not apply well here, being masked by 
another, namely, that of the three or five branches which are united 
together the outer ones only give rise to lateral buds. The above 
rules hold for Crina ehurnea also, which rises erect like Bugula, and 
has its branches united in pairs. 

In genera which, like Membranipora, Lepralia, and Escharella, form 
creeping colonies in which all of the branches cling together, the 
normal architecture of the colony is obscured by inequalities of the 
surface upon which it lies. But under favorable conditions there is a 
tendency to conform to the laws which we discover in Bugula. 

Regeneration of polypides has been studied in Escharella and Flustra. 
In these cases regeneration occurs at one point only ; namely, on the 
operculum immediately behind, i. e. proximad of the atrial opening. 
Regenerated buds thus arise in the immediate vicinity of older ones, 
and from those cells some of which went to form that older polypide. 
They are formed by an invagination of the body-wall exactly as are 
the old polypides. Although the cells of the operculum have lost 
their cuboid form, and only return to it again in giving rise to the 
new bud, yet the nuclei appear to remain more abundant here than 
elsewhere on the body-wall, and this may perhaps be considered a 
condition of less extensive dififerentiatiou than obtains in all other 
parts of the body-walL 

Caxbridob, February 9, 1891. 
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Aus dem zoologischen Institute der deutschen Universitat zu Prag. 



Ueber Nierencanftlchen bei Bryozoen. 

Vortrag, 

gehalten in der Sitzung des naturwissexiBchaillichen Yereines ,, L T S ' 
am 23. November 1889 

von 
C. I. CORJ. 

(Mit einer lithographirtcn Tafel.) 



Bei den ectoprocten Bryozoen waren Nierenorgane, wie wir 
solehe bei anderen niederen Thieren z. B, bei den Anneliden und 
Mollusken seit langer Zeit kennen. bis vor etwa 2 Jahren vollig 
unbekannt. Es erscheint daher sehr naturlich, dass neuere Arbeiten, 
welche die Frage betreflF der Existenz von solchen OVganen bei den 
Bryozoen beriihrten, Ait vielem Interesse aufgenommen warden. 
Im Herbste des Jahres 1887 erschienen beinahe gleichzeitig zwei 
Publicationen liber Stisswasserbryozoen, namlich von Verworni) 
und Kraepelin^), und in jeder dieser Arbeiten wurde die obige 
Frage, das Vorhandensein oder Nichtvorhandensein von Nieren bei 
Bryozoen besprochen. Verworn war der erste, welcher angibt, 
bei Cristatella Canalchen aufgefunden zu haben, welche wie die 
Nieren der Anneliden und anderer niederer Thiere die Communi- 
cation der Leibeshohle mit der Aussenwelt herbeifiihren. K r a ep e 1 i n 
hingegen stellte in seiner Monographic der Stisswasserbryozoen 
solehe Organe, „welche etwa den Excretionsorganen der Wtirmer 
an die Seite zu stellen waren", in Abrede. Ein Jahr spater be- 
statigte Braems) zwar theilweise die Angaben Verworn's, meinte 

1) Verworn M. : Beitrage zurKenntnis der SusBwaBserbryozoen. Zeitschr. 

fur wiBsenschaftl Zoologie, 48. Bd. p. 99-130, Juli 1887. 
*) Eraepelin K. : Die deutschen SiisswaBserbryozoen. Eine Monographie. 

Festschrift; des naturwiss. Vereines in Hamburg 1877, 1. August. 
») Bra em Fr.: UnterBuchungen uber die Bryozoen des siissen Wassera. 

Vorlaufige Mittheilung. Zool. Anz. 1888, 1. October, p. 633—539. 
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aber, class die Bedeutung dieser Organe doch noch eine zweifelhafte 
sei, und so ist die wichtige Entdeckung Verworn's bis zum 
heutigen Tage nicht als feststehende Thatsache allgemein anerkannt 
worden. 

Im selben Herbste, in welchem die obigen Arbeiten erschienen, 
fand ich Cristatellacolonien, welche in der Prager Umgebung ein 
sehr h^ufiges Vorkommnis sind, und ich liess die Gelegenheit zur 
Untersucliung dieser Thiere nicht unbentttzt vorubergehen. Schon 
damals war ich im Stande, die Befunde Verworns betreff der 
Nierencanalchen, welche er allerdings in einer etwas gar zu knappen 
und kurzen Weise in seiner citirten Publication beschrieb, zu be- 
statigen und zu ergSnzen, wahrend ich heute gleiche Organe auch 
bei Plumatella und Fredericella nachweisen kann, tiber die ich an 
anderer Stelle noch des ausftihrlicheren berichten will. Im folgenden 
soil vor der Hand nur das Nierenorgan der Cristatella einer Be- 
trachtung unterzogen w^erden. 

Ueber Bryozoeu wurde nicht bios vor laogerer Zeit, sondern 
auch in der jUngeren und jiingsten Zeit soviel gearbeitet, dass es 
auflfallig erscheint, dass die genannten Organe, welche in den nach- 
folgenden Blattern beschrieben werden sollen, so lange unentdeckt 
geblieben sind. Als Grund hieflir glaube icb einzig und allein den 
Umstand anftihren zu konnen, dass die Untersucher iiber nicht 
vollkommen exacte Praparate verftigten. Urn die Dinge, um welche 
es sich beim Studium dieser Gebilde handelt, gut zu iiberblicken, 
gehort es zur ersten Bedingung, dass die Thiere im ausgestreckten 
Zustande conservirt wurden. Fertigt man z. B. Schnittserien durch 
eingeeogene Bryozoen an, so findet man die Verhaltnisse derart 
complicirt, da alle Organe aneinander gepresst sind, dass es un- 
moglich ist, in so subtile Dinge einzudringen, wie es immerhin diese 
Nierenorgane sind. 

Verworn hat in der Einleitung zu seiner aufangs citirten 
Arbeit mitgetheilt, dass er die Cristatella mit Chloralhydratlosungen 
zuerst betaubt und dann conservirt hat. Damals verwandte ich 
gleichfalls dieses Mittel, doch lernte ich zugleich auch eine recht 
grosse Schattenseite desselben kennen, ntolich die, dass, wenn 
man die Objecte nur ein wenig tiber eine bestimmte Zeit in der 
Chloralhydratlosung gelassen hat, dieselben von dieser mar 
wurden und nicht weiter verwendbar waren. Ausserdem lit 
sich die mit Chitinrohren ausgestatteten Bryozoen nur sehr scl 
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darait betaubeu, sie zogen sich meist zuriick, um hartnUckig in 
diesera Zustande zu verharren. Heute habe ich mehr Erfahrung 
auf diesem Gebiete der mikroskopischen Technik gesaramelt und 
vervveise auf meine diesbezQglichen Mittheilungen, welche ich kiirzlich 
unter dem Titel ^Beitrag zur Conservirungstechnik" der Zeitschrift 
fiir wissenschaftliche Mikroskopie zum Drucke ubergeben habe. 

Die Praparate, nach welchen die Abbildungen der beigefUgten 
Tafel angefertigt sind, stammen von Thieren, welche, nachdem ich 
sie betaubt hatte, rait concentrirter Sublimatlosung conservirt waren. 
Zur Farbung beniitzte ich Alauncochenille nach Czokor und zum 
Einbetten Paraffin. 

Da die Nephridien Yerbindungscanale der Leibeshohle mit 
der Aussenwelt darstellen, so wollen wir zun^chst die Leibeshohle 
genauer, sowie auch die Organisation dieser Thiere im kurzen erortern. 

Die Bryozoen sind coloniebildende Thiere, welche mit ihren 
Gehausen freinde Gegenstande in vielgestaltiger Form iiberziehen. 

An dem Einzelindividuum unterscheiden wir das „Zooecium" 
Oder „Cystid", das ist der Hinterkorper, der aus der „Entocyste" 
und einer von dieser erzeugten Hiille, der „Ectocyste" besfeht, und 
waiters unterscheiden wir das Polypid, das ist der Vorderkorper 
mit der Tentakelkrone und der an diesen KoFpertheil sich anschlies- 
sende Darmtractus, welcher schleifenformig gebogen und in der 
Leibeshohle aufgehangt ist. (Fig. I.) 

An der Leibeswand findet sich zunachst eine ectodermale 
Epithelschicht, welche an ihrer freien Oberflache eine SecrethttUe, 
die „Ectocyste", ausscheiden kann, unterhalb der Epithelschicht 
folgt eine diinne Lage sich kreuzender Muskelfibrillen, und endlich 
zu innerst gegen die Leibeshohle das Epithel der Leibeshohle, 
welches wir auch als parietales Blatt des Peritoneums oder Somato- 
pleura bezeichnen. 

Das Zooecium, welches meist eine starre Wand darstellt, 
besitzt eine Oetfnung, die sogenannte MUndung, durch welche das 
Polypid vorgestreckt oder in die Tentakelscheide zuriickgezogen 
werden kann; ersteres wird durch die Thatigkeit der Ringmuskel 
der Leibeswand, letzteres durch die sogenannten Betractoren bewirkt. 
Die Darmschleife, welche innerhalb des Tentakelkranzes mit dem 
Vlunde beginnt, der durch eine lippenartige Falte, das sogenannte 
Epistora, geschlossen werden kann, zerfallt in die Speiserohre, 
Magen und DUnndarm, welch' letzterer mit dem Anus hinter dem 
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Munde in der Goncavit&t des Lophopbors nach aussen mtindet. 
Der Darmtractus besteht aus drei Schichten, nftmlich Dach innen 
au8 der entodermalen Epithelschichte, nach aussen aus einer Lage 
von Muskelfibrillen und %lier aus dem somatischen Blatt des Peri- 
toneums oder der Spffffraffeopleura. (Fig. 1.) 

Was nun endlich die LeibeshShle dieser Thiere betrifft, so 
versteht man darunter jenen Raum, innerhalb welchem der Darm- 
tractus aufgehilngt ist und der nach aussen von der Leibeswand 
begrenzt wird, der also einerseits von der Soinatopleura, andererseits 
von der Splanchnopleura eingeschlossen ist. Wir sehen aber welters, 
dass sich dieser Raum nach vorn in die Tentakelkronenbohle fortsetzt, 
und dass er durch eine dazwischen geschobene Scheidewand, das 
^Diaphragroa" (Fig. 1. D), in die Leibeshohle, im engeren Sinne, 
und in die Tentakelkronenbohle geschieden wird. Das Diaphragma 
muss aber als ein rudimentares betrachtet werden, da es nur aus 
wenigen Bftndchen besteht, welche sich oral- und analwarts zwischen 
Oesophagus und Leibeswand ausspannen, so dass noch eine ausgiebige 
scitliche Communication zwischen beiden Hohlen stattfinden kanu. 
Der anale Diaphragmatheil besteht aus zwei B^ndchen, zwischen 
welchen das Ganglion aufgehSugt ist, somit kommt letzteres in die 
Tentakelkronenbohle dicht am Diaphragma zu liegen. 

In der Gegend des Ganglions und Diaphragmas an der Basis 
der Tentakelkrone finden sich nun auch die Nierenorgane, die uns 
bier speciell beschaftigen werden. 

Die Nieren der phylactoloemen Bryozoen stellen paarige Ca- 
nalchen vor, welche sich mittelst je einer trichterformigen Er- 
weiterung mit der Leibeshohle in Yerbindung setzen und die. 
nachdem sie sich zu einem unpaaren Ausfiihrungsgang vereint haben, 
niit einer einzigen Oeffnung nach aussen mlinden. Die Canalchen 
sind in der Concavitat des Lophopbors zu suchen, da sie in jenen 
Theil der Leibeswand eingelagert sind, welcher zwischen Anus und 
dem analen Rande des Tentakelkranzes gelegen ist. Die zwei 
trichterformigen Oeifnungen beginnen am Diaphragma und zwar in 
dem hinteren Abschnitte des Leibesraumes, w^hrend die ausftthrenden 
Canalchen in der Richtung nach oben verlaufen und dabei zwischen 
Peritoneum der Tentakelkronenbohle und Epithelschicht der Leibes- 
wand gelagert sind. Auch bemerken wir, dass sich das Epithei 
an der hinteren Fiache des Diaphragmas in das der Trichter direc 
fortsetzt. 
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Der anale Tlieil des Diaphragiuas ist also von den beiden j 

Trichteroflfnungen durchbolirt, und da er aus 2 getrennten Bandchen . ] 

besteht, besitzt er ferner eine Lticke, welche die Oeffnung eines nach 
oben gegen die EpistoinhOhle fiihrenden Ganges vorstellt. Dieser Gang, 
iler ein Theil der LeibeshOhle ist, also iitkeiner weiteren Beziehung 
in den NierencanUen steht, liegt genau in der Sagittalebene des 
Thieres und verbindet den hinteren Abschnjtt der Coelomhohle mit 
der Epistomhohle, welche beide ausserdem auch noch seitliche 
Communicationen besitzen, da dort das Diaphragma kaum durch 
wenige Bandchen reprSlsentirt ist. Ein AnbHck des Diaphragmas 
von unten zeigt uns somit analW^rts 3 Oeffnungen, in der Mitte 
die Oeffnung des ebengenannten Ganges, dessen Begrenzung wir 
sogleich bei weiterer Betrachtung der Nierencanale kennen lernen 
werden, und seitlich davon je eine Trichteroffnung. 

Jeder Trichter stellt eine sehr kurze konisch geformte Rohre vor 
mit einer weiten Oeffnung, der schon genannten TrichterSffhung, 
welche nach abwarts gewendet ist, und einer engen nach oben ge- 
kehrten Oeffnung. Beide Trichter liegen etwas seitlich von der Sagittal- 
ebene zwischen Leibeswand und Ganglion. An die oberen Enden 
der Trichter setzt sich je ein Canal an; diese convergiren nach 
oben, um sich unterhalb der Stelle, an welcher von der Leibes- 
wand die Tentakelraembran der beiden medianen Tentakel der 
inneren Reihe entspriugt, zu vereinen und als kurzer unpaarer Canal 
in der Richtung nach abwarts den Verlauf zu nehraeu. Die paarigen 
Canale nennen wir Nierencanale, den unpaaren, der aus der Ver- 
einigung beider entsteht, den Ausftihrungsgang. Er liegt in der 
Sagittalebene des Thieres und besitzt eine Oeffnung, die Ausmttndungs- 
offnung des ganzen Nierenapparates. Diese findet man auf Prapa- 
raten nur selten offen, gewohnlich ist sie geschlossen, was ja natur- 
geraass zu erwarten ist, trotzdem ist es aber niclit schwer, auf guten 
Sagittalschnitten bei diesem Zustand die Umschlagstelle des Aussen- 
epithels in das des unpaaren Canales festzustellen. 

Die Stelle, wo der paarige Gang in den unpaaren einmtlndet, 
wird hautig durch freie Zellen und andere Korper aufgetrieben, 
und dadurch zu einer blasenartigen Erweiterung verandert, welche 
die Leibeswand nach aussen vorwolbt. In Fig. 9 der beigefdgten Tafel 
sind einige solcher freier Zellen und auch eigenthlindiche Korper 
von ovaler oder spindelformiger Gestalt bei starker Vergrosserung 
(largestellt. Es sind dies lose Zellen von mehr oder weniger runder 



Digitized by 



Googl( 



A 



k^yauv M«>>M 



C. I. Con: 



1 



Form mit deutlicher Contour, amoboide Fortsatze sah ich nie an -! 

ihnen. Das Plasma ihres Zellleibes wird durch Carmin nicht gefarbt 
und erscheint dunkel, indem es nicht viel Licht durchfallen lasst. 
Es besitzt keine gleichai'tige Beschaffenheit, man bemerkt vielmebr 
punkt- Oder fleckenformige dunklere Stellen, ausserdem erkennt ' 

man aber auch in demselben runde Korper von braunlicher Farbe. j 

welche deutlich contourirt uiid von einem lichton Hof umgeben 1 

sind. Der Durchmesser dieser K5rper betragt etwa die Halfte von 
dem der Zellkerne, die ausserdem vom Farbstoff gut gefarbt und 
dunkler sind und sich deutlich durch den Besitz von Kernkorperchen 
unterscheiden. Diese im Plasma eingeschlossenen Korper konnten 
moglicherweise Hamconcremente sein. Die anders geformten Bestand- 
theile, welche sich ebenfalls in der Erweiterung finden, sind von 
ovaler oder spindelformiger Gestalt; ihnen ist wohl die Zellennatur 
abzusprechen. Sie haben viel Aehnlichkeit mit ebenso gestalteten 
Korpern, wie sie bei Phoronis in der Leibeshohle vorkommen, 
und die ich als Ausscheidungsproducte von Peritonealzellen fest- < 

stellen konnte. Die Korper der Cristatella zeigten bei der an- 
gewandten Vergrosserung eine homogene Structur und waren von - 

Carmin intensiv roth tingirt. Zum Unterschied von jenen der 
Phoronis fehlt ihnen eine zarte Laugsstreifung und ausserdem sind 
sie bei Cristatella von einer dunklen Linie umsaumt, welche der 
Ausdruck flir den Durchschnitt einer Membran ist. Zwischen dieser 
Linie und dem Korper ist ein schmaler lichter Hof sichtbar. Wo 
diese Gebilde in der Leibeshohle ihren Ursprung nehmen, war mir 
vor der Hand nicht moglich zu bestimmen. Der tlbrige Raum der 
blasigen Auftreibung zwischen den losen Zellen und den bespro- 
chenen Korpern wird erfUllt von einer krttmeligen Masse, die 
vermuthlich durch das H^rtungsreagens ausgef^llte Substanzen der 
Leibeshohlenflttssigkeit sind. Diese Erweiterung mit ihrem Inhalt 
wurde bereits von Kraepelin pg. 61 seiner Monographie 
beschrieben, welcher sie als ein dilisenartiges Organ bezeichnet, 
ohne aber, wie er sagte, Uber die Natur dieses Gebildes zur Klar- 
heit kommen zu konnen. Auch Bra em fand eine knotenartige 
Auftreibung dort, wo sich die Nierencanale vereinigen, deren Inhalt 
er fttr Spermatozoen und Reste der Spermatoblasten hielt. Von 
der Ausmiindungsoffnung nach abw^rts findet sich constant ehxe 
Furche, welche gegen den Anus hinzieht und die dadurch gebildet 
ist, dass sich die Leibeswand zwischen den beiden Nierencanalen 
rinnenartig einsenkt (Fig. 5 u, 6). 
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Aus dem nun Mitgetheilten ergibt sich von selbst, dass der 
Gang, welcher den hinteren Abschnitt der Leibeshohle mit der 
Epistomhohle in Verbindung setzt, seitlich von den Trichtem und 
Nierencanalchen, nach unten vom Ganglion, nach oben von der 
Leibeswand begrenzt und dass er durch die genannte Furche, die 
gegen den Anus verlauft, median eingeengt wird. Seine Verbin- 
dungsoffnung mit der Epistomhohle wird nach oben und seitlich 
von den sich vereinigenden Nierencanalchen, nach unten von dem 
oberen Rand des Ganglion gebildet. (Fig. 3, 5 u. 6.) 

Zur Leibeswand stehen die Nierencanale in dem Lagerungs- 
verbaltnisse, dass sie mit ihren nach aussen gewandten Flachen 
der basalen Flache des Epithels anliegen, zum grossten Theil aber 
in die LeibeshShle vorspringen und in dieser Ausdehnung einen 
Perltonealtiberzug aufweisen. (Fig. 4, 5 u. 6.) Die Zellen, welche 
die Trichter zusammensetzen, lassen keine deutliche Abgrenzung 
von einander erkennen. Es sind flache Zellen mit kleinen ovalen 
Kernen, die sich nicht von Peritonealzellen benachbarter Regionen 
uuterscheiden, ausser durch den Besitz der langen Wimperhaare. 
Von dfer Stelle an, wo sich der Trichter plotzlich verengt, um in 
(ien aufsteigenden Canal ttberzugehen, nehmen die Flimmerzellen eine 
cubische Gestalt an. Die Abgrenzung benachbarter Zellen ist auch 
hier keine deutliche, wohl aber bemerken wir auf Schnitten an der 
treien Flache des Epithels eine sehr scharfe Contour. Die Kerne 
dieser Zellen sind rund, chromatinreich und enthalten immer ein 
deutliches Kemkorperchen. Das Plasma des Zellleibes hat ein 
triibes Aussehen, und wird vom Carmin nicht gef&rbt, auch sind 
keine Einschltisse in demselben zu linden gewesen. 

An dem unpaaren ausfdhrenden Canal ist es bei solchen 
Praparaten, welche die blasenartige Erweiterung des ausfiihrenden 
Canales zeigen, oft sehr schwer,- die Zellen, welche die Wand des 
Canales bilden, von den Inhaltzellen der Erweiterung zu unter- 
scheiden, besonders gilt dies fttr die Stelle, welche unterhalb des 
Ursprunges der Tentakelmembran gelegen ist und die der Leibes- 
wand anliegt (Fig. 2 und 3). Vergleicht man mit einem solchen 
Praparat eines, welches die genannte Auftreibung nicht enthalt, so 
bemerken wir, dass dann die Zellen viel dichter bei einander 
liegen und man das Epithel sowohl an der freien als auch an der 
basalen Flache sehr deutlich abgrenzen kann. Der ausftihrende 
Canal selbst zeigt eine weniger enge Zellanordnung als die Nieren- 
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canale. Das Plasma dieser Zelleo ist heller als das jeuer, i^ahrend 
die ovalen Kerne chromatiDS^rmer sind. Nach der histologischen 
Beschaffenheit zu urtheilen, scheint das ectodermale Epithel sich 
in den ausfUhrenden Canal fortzusetzen resp. ihn zu bilden. Alle 
drei Can&le sind mit Wimperbaaren versehen, welche in der Richtung 
nach aussen schlagen. Die Wimperung ist eine sehr krUftige; 
hievon kann man sich am lebenden Object bei seitlicher Lage des- 
selben (iberzeugen, indem man dann mit Hilfe der lebhaften Wimper- 
bewegung den Trichter und den anschliessenden Canal erkennt. 
Die hier geschilderten anatomischen und histologischen YerhSltnisse 
sind auf Grand des Studiums von Quer- und Sagittalschnittserien 
durcli conservirte Objecte beschrieben, aber auch am lebenden 
Thiere sind wir imstande, den Nierenapparat zwar nicht ToUstindig, 
so doch theilweise aufzuiinden. Dies wird erleichtert, wie eben 
bemerkt, durch die lebhafte Wimperbewegung, wekhe in den 
Trichtern und Nierencanftlen durch die Epithelschichten der Leibes- 
wand hindurch sichtbar ist. Vielfach wurde in Publicationen auch 
schon auf diese Stelle der Leibeshohle, welche zwischen den OeflF- 
imngen der Lophophorarmhohlen gelegen, und die mit ki^ftigen 
Flimmerhaaven ausgestattet ist, aufmerksam gemacht, man wusste 
(liese Stelle aber nicht zu deuten. Ebenso finden sich an anderen 
Orten der Leibeshohle distincte wimpernde Stellen, doch sind deren 
Flimmerhaare meist so fein und zart, dass man sie leicht iiber- 
sehen kann. 

Wenn wir uns nun nach ahnlichen Organen bei anderen 
Thieren umsehen, so mtissen wir vor allem ein Thier, welches 
den Bryozoen sehr nahe verwandt ist, ndmlich die Phoronis, in 
die Betrachtung Ziehen. Ich will zunftchst eine kurze Beschrei- 
bung des Thieres voraussenden. Die Phoronis besitzt einen wurm- 
formigen Korper, der vorn in eine hufeisenfbrmige Tentakelkrone 
iibergeht. Der Darmtractus hat wie bei den Bryozoen gleichfialls 
die Form einer Schleife. Die eine Oeffnung derselben, der Mund 
liegt innerhalb des Tentakelkranzes und wird von einem Epistom 
uberdeckt, das andere Ende des Darmes mundet mit dem After nach 
aussen. Dieser liegt auf einer Papille in der Concavitftt zwischen den 
Lophophorarmen, souiit dem Munde sehr genfthert. Das epitheliale 
Nervensystem findet man in jenem Theil der Leibeswand, weir**'*** 
sich in der Concavitat des Lophophors zwischen Mund und > 
ausspannt. Wahrend den Biyozoen ein Blutgefasssystem fehlt, ^ 
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bei der Phoronis wohlausgebildet. Wahrend ferner die Biyozoen 
mittelst der sogenannten Retractoren ilire Tentakelkrone in eine 
Duplicatur ihrer Leibeswand einziehen konnen, ist dies Phoronis 
nicht imstande, da ihr die Retractoren fehlen; dagegen kann sie 
sich mittelst Ring- und L^ngsmuskelo der Leibeswand innerhalb 
einer selbstgebildeten Rohre frei bewegen. Der Darmtractus der 
Phoronis wird in der Leibeshohle dureh mehrere Mesenterien 
l>efestigt, bei den Bryozoen werden diese durch einen einzigen 
Strang, den sogenannten Funiculus, reprlUsentirt. Die Leibeshohle 
sehen wir weitws in derselben Weise, in eine vordere der Tentakel- 
kronenhohle angehtfrende und eine untere, die K5rperh&hle durch 
ein Diaphragma geschieden. Und schliesslich finden wir bei Phoronis 
auch ein Paar Nieren. Wie diese gestaltet sind und welche Lage 
sie besitzen, moge aus der nachfolgenden Beschreibung ersichtlich 
sein^ welche einen Auszug aus einer von mir untemommenen aus- 
fUhrlichen Bearbeitung der Anatomie und Histologie der Phoronis 
darstellt. Diese Arbeit liegt bereits als fertiges Manuscript vor, und 
es sei darauf hingewiesen, dass ich deren Ergebnisse theilweise in 
meiner Dissertation schon friiher veroflfentlicht habe. 

Das Nephridium der Phoronis stellt einen bewimperten, 
schleifenformig gekriimmten Canal vor, an welchem man einen 
absteigenden Schenkel unterscheidet, der sich mittelst eines offenen 
Flimmertrichters mit der unterhalb des Diaphragmas gelegenen 
Leibeshohle in Verbindung setzt, dann einen aufsteigenden Schenkel 
und schliesslich ein Endsttick, das mit einer Oeffnung nach aussen 
mtindet. Was die Lage dieser schleifenformigen Nierencan^lle im 
Korper anbelangt, so sehen wir, dass dieselben hinter dem Dia- 
phragma zu beiden Seiten vom Endabschnitt des Dtinndarmes sich 
finden und dass sie ausserhalb der Leibeshohle retroperitoneal 
gelagert sind. 

Wenn wir zur Betrachtung der einzelnen Theile des Organes 
schreiten, so finden wir an der hinteren (unteren) Wand des Dia- 
phragmas, die Trichter zwischen Oesophagus und Diinndarm. Die 
Trichter, welche eine Strecke weit mit dem Diaphragma verwachsen 
sind, erscheinen einander sehr genahert, theilweise sogar, beim 
Anblick von der Analseite her, sich decbend; sie sind von schopf- 
oifelformiger Gestalt und in der Weise an der oben genannten Stelle 
;elagert, dass ihre Oeflfnungen oralw^rts und zugleich nach unten 
^licken. Diese Oeffnungen in die Leibesh5hle sind oval, mit ihrer 
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Lfingsachse zum Korper quer gestellt. An der Bildung des Trichters 
betheiligt sich auch das Diaphragma, indem die obere Trichter- 
wand, wie erwiihnt, direct in das Epithel des Diaphragma tibergeht. 
Die Stelle der genannten Yerschmelzung li^gt etwa in der Mitte 
des Diaphragmas. Die Trichteroberfl&che ist durch Ausbuchtungen 
resp. Fatten bedeutend vergrossert. Mittelst eines kurzen, conisch 
geformten Zwischenstilckes setzt sich der Trichter mit dem abstei- 
genden Schenkel in Yerbindung. Dieser Schenkel, welcher etwa nur 
die HUlfte der L&nge des spilter zu beschreibenden aufisteigenden 
besitzt, verl&uft von vom oben nach hinten unten, und sein oberes 
Ende ist entsprechend der Lage des Trichters medianwarts gekehrt, 
80 dass die beiden. Schenkel nach unten divergiren. Der aufstei- 
gende Schenkel ist linger und weiter und liegt mit seiner analwarts 
gewandten Fl&che der Leibeswand direct an. Die beiderseitigen 
aufsteigenden Can&le besitzen eine ebenfalls nach unten divergirende 
Richtung. An diese schliesst sich endlich je ein kurzes und enges 
Endstiick an, welches unter stumpfen, oraIw§.rts offenen Winkeln 
zur Richtung des bezUglichen Canales geknickt ist, und mit einer 
^usseren Oeffnung unterhalb und seitlich von der Analoffnung nach 
aussen milndet. Man kann diese Oeffnungen beim lebenden Thiere 
nur dann sehen, wenn gerade Excrete durch dieselben entleert werden. 

Die Wimperhaare dieser Canale, welche in der Richtung von 
innen nach aussen schlagen, sind nicht in alien genannten Abschnitten 
gleich kraftig; die krftftigsten Wimpem besitzt der Trichter, die 
l&ngsten, aber weniger starken, der erweiterte Theil des aufstei- 
genden Schenkels. Ob das nach vom gebogene Endstilck Flimmer- 
haare besitzt, vermag ich nicht anzugeben. 

Wir gehen nun zur Betrachtung des histologischen Baues 
des Organes iiber, wie sich dieselbe aus der Untersuchung 
guter Schnitte besonders nach Hilrtung in Chromosmiumessig- 
saure ergibt. 

Die Trichterwand der Phoronis psammophila setzt sich aus 
cubischen Zellen, die in einfacher Schicht angeordnet sind, zusammen. 
Diese grenzen sich nicht deutlich von einander ab und enthalten 
einen runden, verh&ltnism£b38ig grossen Kern, welcher beinahe die 
ganze Zelle ausftiUt. Die Innenflftche des Trichters ist, wie schon 
frtiher erwfthnt, mit kr&ftigen Wimperhaaren versehen, welche ir 
der Richtung gegen den sich anschliessenden Canal schlagen. Die 
Trichteraussenflache besitzt, soweit der Trichter nicht an das Dia 
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phragma angewachsen ist, einen dtinnen Peritonealttberzug. Mit dem 
absteigenden Nierenschenkel verbindet sicb der Trichter mittelst 
des Zwischenstlickes, welches sich einerseits von ihm selbst dadurch 
scharf abhebt, dass seine Elemente Cylinderzellen sind, andererseits 
auch vom absteigenden Nierencanal, der ebenfalls aus Cylinder- 
zellen besteht^ durch die sehr deutliche Abgrenzung der Zellen 
unter einander und durch die intensive Carminfarbung der Kerne. 
Diejenigen Zellen des Zwischensttickes, welche sich an den Trichter 
ansetzen, sind niedriger als die, welche sich mit dem absteigenden 
Schenkel der Niere verbinden. Auch beraerken wir, dass auf 
Schnitten das Epithel durch eine sehr dunkle Contour gegen das 
Canallumen begrenzt wird. 

Die ebenfalls cylindrischen Zellen des absteigenden Nieren- 
canals sind hoch und schmal und zeigen eben noch gut erkenn- 
bare Zellgrenzen. Die Kerne derselben, die alle in einer Zone liegen, 
besitzen eine ovale Form und haben ihre Lage am Grunde der 
Zelle, sie ftrben sich blfisser als die Zellkerne des Zwischensttickes. 
Das Plasma dieser Zellen ist trtib und charakterisirt sich durch 
kleine komchenartige Einschltisse von brauner Farbe und starker 
Lichtbrechung, die sich basalwarts von der Kemreihe gehauft 
finden, wahrend das freie Ende der Zelle solche Einschltisse nicht 
enthalt. Die Zahl dieser sehr kleinen Concremente ist eine variirende, 
die wahrscheinlich von dem Thatigkeitszustand der Niere abhangt. 
Auch in diesem Abschnitt des Nephridiums ist die Contour der 
Epitheloberflache eine scharfe. Der aufsteigende Schenkel ist nur 
aus einer einzigen Zellschicht, deren Zellen dadurch von jener des 
absteigenden Schenkels verschieden sind, dass sie keine Einschltisse 
in sich ftihren, gebildet. Das Epithel^ welches das kurze Endsttick 
bildet, besteht aus cylindrischen Zellen mit grundstandigen ovalen 
Kernen, welche Zellen sich dadurch von jenen des aufsteigenden 
Canales unterscheiden, dass sie einen grosseren Querdurchmesser 
besitzen. An der Mtindung des Endstttckes sieht man sie allmahlich 
in das Aussenepithel tibergehen, das um diese herum aus Deck- 
zellen besteht. 

Da der Nierenapparat retroperitoneal liegt, so mtissen wir 
noch untersuchen, welche Verhaltnisse zur Leibeswand dabei statt- 
^°ben. Die Nierenschleife ist in dem Thiere so angebracht, dass 

aufsteigende Schenkel und das Endsttick der Leibeswand theil- 
'se anliegen, wahrend der gr5ssere Theil der genannten Stticke, 
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sowie der absteigende Canal sammt Trichter in die Leibeshohle 
vorspringt, in dieser Ausdehnung besitzt daher das Nephridiuni 
einen voUstandigen Peritonealtlberzug. Zwischen Leibeswand und 
der der Coelorahohle abgewandten Fl^che fehlt ihm ein solcher. 
Die vereinzelnten Zellen, die man hier antrifft, dttrften wahrscheinlich 
als erst secundsir dorthin gelangte zu betrachten sein. Die abstei- 
genden Nierencan^le sind somit in zwei Peritonealfalten eingelagert, 
die von der Leibeswand entspringen und deren Blotter ausserdem 
noch in der Concavitat der schleifenformig gebogenen Can&le mit 
einander verschmelzen. An der Stelle, wo sich die TrichteroflFnungen 
befinden, sehen wir das Epithel der Peritonealfalten in das Trichter- 
epithel continuirlich iibergehen, obzwar es seinem Bau nach scharf 
von demselben sich absetzt. Weiter sehen wir, dass sich die nach 
unten gekehrte Epithelschicht des Diaphragms, welches, wie frtlher 
mitgetheilt wurde, aus zwei Epithelbiattern besteht, an der Ver- 
wachsungslinie mit dem Trichter in das Epithel desselben fortsetzt. 
Und zwai' ist das jener Theil des unt^ren Blattes, welcher von der 
Wand des Oesophagus entspringt. Jener andere Theil des unteren 
Diaphragmablattes hingegen, welcher von der Leibeswand seinen 
Ursprung nimmt, biegt an der Verschmelzungsstelle auf die Aussen- 
seite des Trichters um und liefert so dessen PeritonealUberzug. 
Mit wenigen Worten ausgedrtickt, liessen sich die anatomischen 
Verhaltnisse so deuten, dass der Trichter seine Entstehung zum 
grossen Theile dem unteren Blatte des Diaphragma verdankt. 

Im Vorhergehenden haben wir die Niere vom morphologi- 
sehen Standpunkte aus betrachtet, nun wollen wir auch noch ihre 
physiologischen Functionen untersuchen. Allerdings konnen wir 
dies meist nur auf Grund der erstgenannten VerhSltnisse, zum Theile 
aber auch auf Grund von Analogien mit anderen Thieren bin thun, 
die wir in Bezug darauf besser kennen. Den experimentellen Weg 
zur Erforschung solcher Organe einzuschlagen, ist leider bei so 
kleinen Thieren mit sehr grossen Schwierigkeiten verbunden. 

Die Function dieser in Rede stehenden Organe ist entweder 
eine ausschliesslich excretorische, oder sie konnen auch noch mit 
der weiteren Aufgabe betraut sein, Geschlechtsproducte aus der 
Leibeshohle nach aussen zu befflrdern. Die Excretion geht so vor 
sich, dass in der Epithel wand des Nierencanales Concrement^ 
weU'he wahrscheinlich Harnstoffverbindungen sind, abgelagert werde 
Indem nun Leibeshohlenfliissigkeit durch diese Canale nach aussei 
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I 

getviebeii wird, losen sich bei dieser Gelegenheit die in den Zellen J . 

enthaltenen Concremente und gelangen so aus dem Korper hinaus. i 

Weiters wjire noch zu erwahnen, dass bei Phoronis von eigenartigen 

Zellen, die vom Peritonealepithel abstanimen, spindelformige und 

runde Korper in die Leibeshohle ausgeschieden werden und gleich- };|' 

falls durch die Niere den Korper verlassen. Sie diirften ebenfalls l^w; 

als Excretionsproducte aufzufassen sein. |i 

Freie Zellen, die mit Excreten beladen sind, wie man sie in r^ 

der Niere der pbylactolaemen Bryozoen anlrifft, fand ich nie bei |« 

Phoronis. \\ 

Betreff der Ausleitung von Geschlechtsorganen durch die Nieren J *| 

ist dies bis jetzt nur ftir die Eier beobachtet worden. Wo die Be- I \] 

fruchtung stattfindet, scheint noch nicht festgestellt zu sein. Kowa- [ »* 

lewskyi) gibt zwar an, dass dieselbe in der Leibeshohle vor sich • 

ginge, was aus dem Grunde unwahrscheinlich ist, da entweder ! 

eine Selbstbefruchtung damit verbunden sein miisste, oder es miissten ' 

fremde Spermatozoen auf dem Wege der Niere in die Leibeshohle | 

gelangen, was auch nicht gut denkbar ist. Die Befruchtung der * 

Eier diirfte sich eher, wie bei so vielen Meeresthieren, im Meer- . 

wasser ausserhalb des miitterlichen Organisnius vollziehen. • 

Im Auschlusse an das Mitgetheilte iiber die Functionen des 

Phoronisnephririiums will ich nun auch noch die der Bryozoenniere | 
besprechen. In den Canalwandungen dieses Organes konnten wir. 
wie bereits mitgetheilt, keine Einschliisse linden, die wir fiir Harn- 
concremente halten konnten. Dagegen sehen wir sehr hautig jene 

genannte blasenartige Erweiterung mit freien Zellen und ovalen ^ 

Korpern erftillt. Aus der histologischen Beschreibung dieser Ele- i 

mente im Friiheren gieng hervor, dass die Zellen im Plasma ihres ! 

Zellleibes Substanzen von graubrauner Farbe zeigen, welche wir ' 

aus Analogie mit anderen Fallen fur Harnsalze ansprechen konnen. ; 
Aehnliches wurde auch schon von Eisig in seiner Capitelliden- 
monographie mitgetheilt. Es ist wohl denkbar, dass dieses Organ 
der Bryozoen mehr zur Ableitung derartiger Zellen dient und die 
Fahigkeit, excretorisch zu wirken, eingebtlsst hat^ dafilr wUrde 
vielleicht auch die verhaltnismassige Kleinheit dieser Organe gegen- 
iiber der Grosse der Thiere sprechen. Was die ovalen intensiv 
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roth gefarbten Korper anbelangt, so raiisste erst deren Biidungs- 
statte eruirt werden, urn einen Schluss auf ihre Natur und Be- 
stimmung zu Ziehen. 

Wie die Geschlechtsprpducte, speciell das Sperma bei den 
Bryozoen durch die Nieren nach aussen geleitet werden, dariiber 
sind wir noch im Unklaren. Die Eier gelangen auf andere Weise 
aus dem Thiere. Man weiss, dass sich die in den Ovarien erzeugten 
Eier an der Leibeswand festsetzen und hier zur bekannten Bryozoen- 
larve heranwachsen ; dabei erfSlhrt das betrefFende Polypid eine 
Ruckbildung. Durch Platzen jenes Theiles der Leibeswand, welcher 
beim intacten Thiere als Kamptoderm fungirt, werden dann die 
Embryonen nach ihrer Reifung frei. Vom Sperma kennen wir bloss 
den Ursprung am Funiculus, die weiteren Schicksale desselben sind 
uns unbekannt. Bisher wurde eine Selbstbefruchtuug bei diesen 
Thieren angenommen, was aber aus dem Grunde unwahrscheinlich ist, 
weil diese Einrichtung ganz ohne Nutzen ftir das Thier ware, weiters 
da es sich ohnedies ungeschlechtlich auf zweierlei Weise vermehren 
kann, n^mlich durch Knospung und durch die Bildung der Statoblasten. 
Bemerkenswert ist, dass die Bildung des Samens friiher, als die 
der Eier erfolgt, und dass derselbe dann in Form von Ballen frei 
in der Leibesh5hle flottirt. 

Aus der Schilderung des anatomischen Baues, sowie aus der 
physiologischen Function der Phoronisniere ersahen wir, dass sie 
nach einem ahnlichen Typus gebaut ist wie die Niere der Anneliden 
und Mollusken. Die Nephridien dieser Thiere wurden von Hatschek 
Metanephridien benannt, welche die gemeinsamen Merkmale besitzen, 
dass sie Thieren mit einer wirklichen Leibeshohle zukommen, und 
dass sie wimpernde Canftle vorstellen, welche stets retroperitoneal 
zu liegen kommen und die einerseits mit einer Trichteroffnung mit 
der Leibeshohle in Verbindung stehen, andererseits mit einer Aus- 
mlindungsofifnung nach aussen mUnden. Tritt eine Verlangerung 
dieser Canale ein, sodass sie dann in der Leibeshohle liegen, so 
besitzen sie immer einen Ueberzug vom parietalen Peritoneum. 
Diese Organe haben entweder nur die Aufgabe, Excrete auszu- 
scheiden, oder sie haben auch noch fur die Geschlechtsproducte 
als ausftlhrende Canale zu dienen. 

Bei der Niere der Phoronis nun, einem Thiere mit wahrei 
Coelomhohle, haben wir gefunden, dass sie ebenfalls retroperitonea 
liegt, und unterschieden an ihr einen Wimpertrichter, einen wim- 
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pernden Nephridialcanal mit AusmiindungsofFnung, weiters sahen 
wir, dass sie Excretionsorgane und Geschlechtsgange zugleich ver- 
tritt, somit ist das Nephridium der Phoronis ein Metanephridium. 
Nachdem wir nun auch die Niere der Phoronis kennen gelernt haben, 
kommt die Frage zu beantworten, wie lasst sich das Nephridium 
der Bryozoen mit dem der Phoronis vergleichen? Zum besseren 
Verstandnisse ist dem Texte beistehender Holzschnitt, welcher die 
Organe beider Thiere in schematischer Weise darstellt, eingeftigt. 
Bevor ich an die Vergleichung der Organe selbst gehe, sei nochmals 
hervorgehoben, dass die Leibeshohle der Phoronis und der Bryozoen 
durch eine Scheidewand, das Diaphragma, in eine Korperhohle und 
eine Tentakelkronenhohle , getheilt wlrd. Bei Phoronis lAsst sich 

Pa 



Ph Schema fur die Niere der Phoronis, Cr Schema fiir die Niere 

der Cristatella, CI bedentet die oberhalb des Diaphragmas gelegene 

Tentakelkronenhohle, CJ/bedeutet die unterhalb des Diaphragmas 

gelegene Korperhohle. 

leicht nachweisen, dass letztere von zwei Schichten des Leibes- 
hohlenepithels gebildet wird und zwar in der Weise, dass die untere 
Schicht von dem Epithel der Korperhohle, die obere von der der 
Tentakelkronenhohle geliefert wird; beide Blatter lassen sich auch 
histologiseh von einander unterscheiden, wie ich bei Phoronis gezeigt 
habe. Die epithelialen Auskleidungen der geuannten zwei Uohlen 
stellen daher zwei S9,cke vor, die Ubereinander angeordnet sind, 
und wo sie mit einander in Bertihrung treten, finden wir das Dia- 
phragma. Weiters ware darauf hinzuweisen, dass die obere und 
untere Hohlung einander nicht gleichwertig sind, was sich, nach 
den Mittheilungen meines verehrten Lehrers und Chefs, Herrn 
Prof. Hatschek, entwicklungsgeschichtlich feststellen Iftsst. Obzwar 
das Diaphragma der Bryozoen, wie wir gesehen haben, sehr rudi- 
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16 C. I. Gori: 

inentUr ist, so Ulsst sich doch auch erkenneu, dass es aus zwei 
Epithelschichten zusammengesetzt ist. 

Bei der Beschreibung der Nierenorgane beider Gattungen 
sahen wir nun, dass sie kurze winipernde Rohren darstellen, welche 
analwarts in beiden Fallen durch eine Oeffnung mit der hinteren 
Leibeshohle in Verbindung traten, und dass der Nierencanal welcher 
eine aussere OeflFnung aufweist, retroperitoneal verlief. In Bezug 
auf diesen Punkt nun macht sich ein Unterschied geltend, bei 
Phoronis verlauft der schleifenformig gebogene Canal znn^chst nach 
abw^rts und dann wieder nach oben, urn zu beiden Seiten des 
Afters auszumtinden. Das Paar Nierencan&le der Gristatella dagegen 
strebt zuerst nach oben und biegt schliesslich zu dem unpaaren 
Ausfiihrungsgange vereinigt nach abw^rts, sodass aber die Aus- 
mtindungsoffnung oberhalb der Analoffnung zu suchen ist. Dieser 
Unterschied hindert uns aber nicht, die Organe von Phoronis und 
den Bryozoen als gleichartige zu betrachten und somit hatten wir 
damit dargethan, dass auch die Niere der phylactolaeraen Bryozoen 
nach dem Typus eines Metanephridiums gebaut ist. 

Wenn ich im Vorangehenden bisher von Bryozoen sprach, so 
wollte ich stets darunter nur die sogenannten ectoprocten Bryozoen 
gemeint haben. Die Eintheilung der Bryozoen in Ento- und Ecto- 
procta rtlhrt bekanntlich von Nitsche her. Hatschek hat nun 
die Entoprocta von den eigentlichen Bryozoa oder Ectoprocta getrennt 
und nur letztere als Bryozoa mit den Phoroniden und Brachiopoden 
zu den Cladus der Tentaculata, gleich Moliuscoidea der Autoren, 
vereinigt, wahrend er den Entoprocta einen Platz in seinen Scole- 
ciden einraumte. Es geh5rt nicht zum vorliegenden Thema die 
vielen thatsachlichen Griinde, die zu dieser Trennung Veranlassung 
gaben, anzuftihren, wohl aber moge wenigstens auf einen der G^en- 
satze hingewiesen werden, der in dem Besitze von morphologisch 
verschiedenartig gebauten Nieren beruht. Wir sahen ja, dass die 
Ectoprocta und zwar Phylactolaemata eine Niere vom Bau eines 
Metanephridiums besitzen, ftir die Entoprocta hingegen wurde zuerst 
von Hatschek schon vor langer Zeit ein Protonephridium nach- 
gewiesen. 
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Nachtrag. 



Wahrend sich die vorliegende Mittheilung im Dnicke befand, 
kam mir die neueste Nummer (324) des zoologischen Anzeigers 
vom 30. December 1889 zu, in welcher Brae in am Schlusse einer 
vorlaufigen Mittheilung, „die Entwicklung der Bryozoencolonie im 
keimenden Statoblasten", nochmals auf das im Vorhergehenden 
beschriebene Organ der Cristatella zu reden kommt und ihm die 
Eigenschaft eines Excretionsorganes abspricht. Die beiden darauf 
beztiglichen Satze Braeras mogen hier citirt werden: „Sonst sei nur 
noch betreff des von Ver worn beschriebenen „Excretionsorganes" 
der Cristatella erwahnt, dass eine aussere Oeffnung desselben, an 
der ich sehon in jener Mittheilung zweifelte, thatsachlich nicht 
existirt. Das ganze Gebilde ist nichts als eine Fortsetzung der 
Lophophorhohle, welche ebenso, wie sie in Form des Ringcanales 
den Pharynx umgreift, auch die Epistomhohle zu umgehen genothigt 
ist, um auf diese Weise zu den anal iiber dem Munddeckel befind- 
lichen Tentakeln Zutritt zu erhalten." Dieser Auffassung der ana- 
•tomischen Verhaltnisse der Tentakelkrone, respective ihrer Hohlen, 
kann ich mich nicht anschliessen, was wohl aus der von mir gege- 
benen Beschreibung ersichtlich wird. Ich wurde es daher nur als 
eine unnothige Wiederholung von schon Gesagtem ansehen, noch- 
mals auf Erorterungen dieser Dinge einzugehen. Jedenfalls ist das 
Hohlraumsystem der Tentakelkrone in Wirklichkeit ungleich ein- 
facher und nicht so schwer verstandlich gestaltet, als nach den 
Auseinandersetzungen Braem's. Auch hoffe ich, dass sich Braera 
noch selbst von dem Vorhandensein einer ausseren Oeffnung des 
bewusgten Organes iiberzeugen wird, die allerdings nicht leicht 
und nicht in jeder Schnittserie zu finden ist; vor allem aber miissen 
Thiere zur weiteren Praeparation verwendet werden, welche im 
vollstandig ausgestreckten Zustande conservirt wurden. 
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Ifi C. I. Cori: Ueber NiereDcanalchen bei Bryozoen. 

Tafelerklarung. 

f * ' Sammtliche Figuren, ausgenommen Fig. 9, sind mit Reichert'schen 

r Systemen und mit der AbbeVhen Camera lucida gezeichnet. Die Angaben 

der Vergrosseningen find^n sich auf der Tafel bei den einzelnen Figuren 

angegeben. 

Fig. 1 stellt einen medianen Sagittalschnitt durch rristatella mucedo im aus- 
gestreckten Zustande vor; die reehte Halfte des Tentakelapparatea ist 
korperlich hinzugezeichnet. Vor der Niere ist der unpaare AusjRihrangs- 
gang dargestellt. Der Pfeil deutet die Richtung an, in welcher die in 
Fig. 4, 5 und 6 abgebildeten Schnitte gefiihrt sind. Der anale Theil 
des Diapbragmas a D, der sich erst auf Nachbar&chnitten der Serie 
findet, ist in seiner Ausdehnung durch eine Tuschirung markirt. 

Fig. 2 ein seitlieher Sagittalschnitt , enthaltend einen Nierentrichter , einen 
Nieren canal und ira Anschnitt den unpaaren Ausfuhrungsgang. 

Fig. 3 ein medianer Sagittalschnitt mit dem unpaaren Ausfuhrungsgang der 
Niere, welcher blasig erweitert ist und mit freien Zellen erfallt erscheint. 
* der Gang, welcher die Korperhohle mit der Tentakelkronenhohle 
verbindet. 

Fig. 4, 5 und 6 sind schief geliihrte Frontalschnitte in der Richtung des in 
Fig. 1 verzeichneten Pfeiles. 

Fig. 6 enth&lt die beiden Nierentrichter (Tr.). 

Fig. 5 zeigt die beiden Nierencanale zwischen Leibeswand und Ganglion mit 
den abgehenden Lophophornerven {Lphn.). Bei aD ist der anale Theil 
des Diaphragmas ersichtlich. 

Fig. 4. Dieser Schnitt enthalt den unpaaren Ausfiihrungsgang [Ac) der Niere. 

Fig. 7. Schema der Niere, von der Seite gesehen. 

Fig. 8. Schema der Niere beim Anblick von der Analseite her. 

Fig. 9. Freie Zellen und ovale Korper aus der blasenartigen Erweiterung der 
Niere (Im. Hartnack 11 Occ. II.). 



Buchstabenliezeichniiug. 

A: Anus, Lpha\ Lophophorann, 

Ac. Ausfuhrungscanal der Niere, Lphn: Lophophomerv, 

a. D : anales Diaphragma, Nc : Nierencanal, 

0. D: orales Diaphragma, M: Mund, 

Ed: Enddarm, Ma: Magen, 

ecE: ectodermales Epithel, Jkfr: Musculus retractor, 

en. E: endodermales Epithel, a. E: aussere Tentakelreihe, 

Ep: Epistom, t. H: innere Tentakeh-eihe, 

F: Funiculus, Sapl: Splanchnopleura, 
Fc: Faeces, . Sopl: Somatopleura, 

Gl: Ganglion. . Th: Tentakelkronenhohle, 

Lh: Leibeshohle, Tm: Tentakelmembran, 

Lw: Leibeswand, Tr: Trichter. 
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